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TIntroduction :—the necessity for a Revision of the Fossil and Recent Genera

of the Olass Eehinoidea and for a reconsideration of the arrangement of the
great groups.—Definition of the Class Echinoidea and of its Subclasses the
Palmechinoidea and the Buechinoidea. Remarks upon the Paleechinoidea, their
Olassification.—Definitions of the Orders and Genera.
TaE last work of L. Agassiz and Desor, “ Le Catalogue Raisonné
des Familles, Genres, et des Espéces de la Classe des Echinides,”
was published in the ¢ Annales des Sciences Naturelles’ during
1846-7, and was a magnificent conspectus of all their previous
labours in the classification of both the fossil and the recent
Echinoidea. The work formed the foundation of a vast super-
structure, which, however, soon separated into studies of the
fossil species and genera apart from those of the recent fauna.
Desor gathered together all the information regarding the fossil
forms up to 1858, when he published his ¢ Synopsis des Echinides
fossiles.” This standard work has been of great value to palzon-
tologists. The history of the Zoology of the recent Echinoidea,
subsequently to the date of the ¢ Catalogue Raisonné’ and up to
1883, and also a previous ‘ Revision of the Echini’ (1872-4)
were the contributions of Alexander Agassiz. The Reports on
the Echini of the ¢ Hassler,” 1874, ¢ Challenger,” 1881, and ‘ Blake,
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2 PROF. P, M. DUNCAN’S REVISION OF THE

1888, Expeditions, by this author, contain nearly the whole of
the systematic and much of the morphological knowledge of the
recent fauna. The work of Desor, and those of A. Agassiz, the
one on the fossil, and the others mainly on the recent genera
and species, are invaluable and have formed the basis of all
subsequent research. But no book has appeared which has been
written by any naturalist who has personally laboured in the
classification and morphology of the Class, which has treated of
both the fossil and the recent genera. Palzontologists have
published great numbers of genera and species since the days of
Desor, and have not invariably paid attention to the progress of
their fellow workers who have described recent forms. And, on
the other hand, much that was written a few years since by some
naturalists, dealing with recent forms, would not have seen the
light had careful descriptions of fossil genera, such, for instance,
as have been published by Cotteau, de Loriol, and Sven Lovén,
been available in a standard work of reference. The results of this
division of labour and of the independent researches of Palwon-
tologists and Zoologists have been the adoption of too many
genera and the production of much confusion in the nomen-
clature ; and the recognition of genera and species, both fossil
and recent, has been rendered difficult by the publication of their
diagnoses in the Journals of learned Societies, and in the works
of Geological Surveys of nearly every civilized country.

The progress of the morphology of the recent Echinoidea has
been great, and it chiefly dates from the time of J. Muller (1854)
and the subsequent publication of S. Lovén’s ‘Etudes sur les
Echinoidées ’ in 1874 ; it was maintained by the author of the
¢ Revision of the Echini, and much valuable new matter is to
be found in the ‘Challenger’ and ‘Blake’ Reports. TLovén's
wonderful work on Pourtalesia and his later contributions,
together with the results of the work of Sir Wy. Thomson, and
of Messrs. Norman, Stewart, Ludwig, H. Carpenter, Sladen,
Hamann, Sarasin, and Bell, and of some publications in the
Journals of the Linnean and Geological Societies of London,
have rendered some modifications in the terminology and of the
taxonomic value of certain structures absolutely necessary.
It is the belief of all practical Echinologists that a work
which would collect the generic descriptions of both the fossil
and recent faunas, and which would revise and eliminate
when necessary, by the light of modern morphology, is very
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urgently required. Hence in this “ Revision of the Genera and
great Groups of the Fossil and Receut Echinoidea,” the Author
has endeavoured to remedy an urgent want. He has had unusual
advantages and opportunities for studying fossil and recent
Echinoidea ; and in this endeavour to utilize them he is under
great obligations to his friend A. Agassiz and to the able natu-
ralists and paleontologists connected with the British Museum,
the Museum of Practical Geology, the Woodwardian Museum
at Cambridge, to his colleague in the description of the Sindian
Fauna, Mr. Percy Sladen, and last, but by no means least, to his
kind and generous friend Sven Lovén.

NoTe.—It will be noticed that many genera no longer find a place in
the classification, but are either removed entirely or placed as subgenera,
and, as the intention was to limit the genera rigidly, very few new ones
are introduced. In describing every genus, the name which comes imme~
diately after the generic term is that of the founder, and when it is in roman
type it may be as sumed that the original definition was improved by the
naturalist whose name stands next. The names placed after the first one,
even when this is not in roman type, are those of subsequent investigators
and describers of species who have added to the value or have modified
the original diagnosis of the genus. When any anatomical details have
been described relating to a genus, the name of the investigator has been
added. The references, as a general rule, refer to the date, volume, and
page of works in which there are illustrations; but, to save space, the
number of the plate is not given, especially as it will be found upon the
page veferred to. The distribution of the genera has, of necessity, been
considered, but the great geological formations alone are noticed in dealing
with the fossil forms. A description of the terms employed in the classi-
fication will be found at the end of the Essay.

The synonymy adopted by A. Agassiz in his ¢ Revision of the Echini,’
1872-1874, is accepted.

The classification of Dujardin et Hupé, in ¢ Les Suites & Buffon,” was
a useful but not critical literary work, being a compilation. M. Pomel’s
“Theses,” Algiers, 1883, contain a classification which is not followed in
this communication, for the fundamental methods employed do not com-
mend themselves, it being impossible to admit genera which are not differ-
entiated by characters which have a decided and important physiological
value.

1%
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Subkingdom ECHINODERMATA.

Class ECHINOIDEA.

Echinodermata with a solid or slightly flexible test covering the
viscera, variable in shape from spheroidal to flat, composed of
numerous, closely placed, more or less geometrical plates of car-
bonate of lime, covered with soft structures and carrying spines.
Most of the plates arranged in several vertical series, reaching
from the mouth to the dorso-central or apical system, constituting
five ambulacral and five interradial areas. Other plates in the
dorso-central system—the basal and radial and anal plates. With
a mouth on the under or actinal surface, rarely in front of the
test, and an internal gullet and intestinal tract ending externally
in an anus, which is either placed in the dorso-central system or
somewhere in the posterior interradium. A madreporite body
placed in the dorso-central system and in relation with a renal
organ and with the water-system, which js partly within the test
and partly external, in the form of branchi and branchial
tentacles. With or without five teeth in jaw-pieces, which are
moved by muscles connected with a connected or disconnected
perignathic girdle.

Unisexual or bisexual ; the genital glands with ducts perforating
the basal plates or opening beyond them; the young, either under-
going metamorphoses and being free-swimmers, or found perfect
upon the parent’s test.

Marine : fossil and recent.

I. Subclass. The PALEECHINOIDEA, Zittel (amended).
Echinoidea with only one, or with more than two, vertical rows
of plates in each of the five interradia, and with either two or
many vertical rows of simple or compound plates in each of the
five ambulacra ; plates of the areas overlapping or not. Peristome
actinal. Jaws present. Periproct within the dorso-central
system or in the posterior interradium beyond.

II. Subclass. The EvECHINOIDEA, Bronn.
Echinoidea with two vertical rows of plates in each of the five
interradia, and a similar number of vertical rows of simple or of
compound platesin each of the five ambulacra. Peristome actinal,
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rarely anterior; jaws and teeth present or absent. Periproct
either within the dorso-central system or in the posterior inter-
radium.

1. Subclass PALAECHINOIDEA.

The Palxechinoidea have gradually become a great group
which is readily separable from all the other divisions of the
Echinoidea. The first careful descriptions of its genera and species
were given by McCoy in his “ Description of the Carboniferous
Fossils of Ireland ;” subsequently Baily, Meek and Worthen, Hall,
and J. Miiller added greatly to the knowledge of the anatomy
and taxonomy. In ‘Les Etudes’ Sven Lovén summarized the
information which bad been obtained up to 1874 and mainly
followed McCoy’s classification. About the same time A. Agassiz
gave some important notices of the Perischoechinidz, McCoy,
then the only group of Palxechinoidea, in the ‘ Revision of the
Echini’ (p. 644). In the course of his observations A. Agassiz
criticised the classifications of previous authors, and very pro-
perly drew especial attention to the discovery of J. DMiiller
regarding the overlupping of the coronal plates of some genera,
and he compared this phenomenon with the imbrication of the
peristomial plates of Cidaris and of the coronal plates of
the Echinothuridee. It became evident that a new taxonomy
of the group was necessary, and Messrs. R. Etheridge, Junr., and
‘W. Keeping contributed papers (1874-6) to the Geological Society
of London, in which the limits of the new classification were
fairly stated.
~ Discoveries of some remarkable forms, such as Bothriocidaris,
Schmidt, 1874, Tiarechinus, Neumayr,1881, and thereconsideration
of EHchinocystites, Wy. Thomson, 1861, necessitated the intro-
duction of groups which could not be placed as Perischoechinidz.
Zittel gave an admirable classification in his ¢ Palzontologie,’
1876-80; and finally A. Agassiz introduced some pages in his
Report on the ¢ Challenger * Echini, 1881, which are full of most
valuable matter. He had the opportunity of studying the rare
species described by American palsontologists, of which plates
and figures alone have been noticed by European geologists, and
he brought to bear on their consideration a vast amount of
knowledge about the recent Echini and especially of the Echion-
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thuride. The descriptions of some genera by Meek and Worthen
and MecCoy require additions, in consequence of this work of
A. Agassiz.

The foundation of a classification upon the presence or absence
of primary tubercles upon tests was due to McCoy, and it served
its time ; but it was too artificial and permitted genera to be
closely associated which had structural differences of great phy-
siological importance. For instance, some genera with two and
with more than two vertical rows of ambulacral plates were
associated closely ; moreover, genera which had bevelled plate-
edges, and where there was overlap, were associated with forms
which had rigid tests and no overlap of plates. It must be
admitted that too much has been made of the presumed and
real imbrication of plates in classification.

‘Whilst it is undeniable that our knowledge of the genera of
Palmechinoidea has increased, it is still necessary to remember
that any classification must be open to exception. It is not
possible to place some of the genera in the same groups upon
the admitted principle of the preponderating taxonomic value of
the structure of the ambulacra, and, indeed, there must be some
anomalous genera; but the following grouping is suggested as
the best at the present time.

All genera founded in reference to single plates or spines are
not considered, and Focidaris, Keyserl., is omitted, for it isa true
Cidarid. Paleocidaris, Beyr.,is synonymous with Zepidocentrus,
J. Miiller. Perischocidaris, Neum., is the same as Perischodomus,
McCoy.  Echinocrinus, Ag., and Paleocidaris, Desor, are
synonymous with drcheocidaris, McCoy. Protoechinus, Aust.,
is the same as Paleechinus, Scoul. Melechinus is Melonites,
Norw. & Owen. Cystocidaris, Zitt., is Echinocystites, Wy. Th.
Paleodiscus, Salter, which was intended for an Asterid genus,
really contains some Echinoidean types closely resembling Hehi-
nocystites; but the position of the periproct is not known.

The genera remaining after these removals and absorptions
are classified under four orders of the subclass Palmechinoidea.
Bothriocidaris, a remarkable form from the Lower Silurian
formation, requires, as Zittel has shown, a special group, and an
order is established for it. The Perischoechinoida group them-
selves with as little friction as possible into two families, the
Arch@ocidaride, with narrow ambulacra, and the Melonitidee,
with more than two vertical rows of poriferous plates in an
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ambulacrum.  Ziarechinus, so ably described by Lovén after
Neumayr, is unique and must enter an order of its own. And,
finally, the exocyclic Echinocystites comes into the order Cysto-
cidaroida.

It is certainly supremely interesting to find jaws and teeth in
these old forms and to be able to classify, thanks to Sir Wy.
Thomson, an exocyclic gnathostome amongst the Paleozoic
Echinoidea.

Classification.

Suscrass PALAECHINOIDEA. (Page5.)
Orper [. BOTHRIOCIDAROIDA.
Genus Bothriocidaris, Schmidt.

Orper II. PERISCHOECHINOIDA.
Family ARCHAEOCIDARID &E.

Genus Lepidocentrus, J. Miiller.
Koninckocidaris, Dollo & Buisseret.
Perischodomus, McCoy.
Archeocidaris, McCoy.
Lepidocidaris, Meek & Worthen.
Lepidechinus, Hall.

Paleechinus (Scouler), McCoy (pars).
Rhoechinus, W. Keeping.
Family MELONITID &.

Genus Melonites, Norwood and Owen.
Oligoporus, Meek & Worthen.
Lepidesthes, Meek & Worthen.
Hybochinus, Worthen & Miller.
Pholidocidaris, Meek & Worthen.

Orper I1I. PLESIOCIDAROIDA.
Genus Tiarechinus, Neumayr.
Orper IV. CYSTOCIDAROIDA.
Genus Echinocystites, Wy. Thomson, 1861.

Order I. BOTHRIOCIDAROIDA,
F. Schmidt, 1874 ; Zittel, 1876-80.

Test regular, more or less spherical, solid ; interradia with only
one vertical row of plates which do not imbricate; ambulacra
with two vertical rows of plates; plates united at their edges.
Periproct in the central apical system. Peristome actinal, central.
Jaws ?
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Genus Borarrocinarts, Eichwald, 1860, Lethea Rossica, p. 654.
Fr. Schmidt, 1874, Mém. Acad. S¢. Pétersh. sér. 7, vol. xxi.
no. xi. pp. 36-38. Zittel, 1876-80, Paleont. Bd. i. p. 481.
Lovén, 1883, Pourtalesia, p. 57. (Slightly altered.)

Test small, hemispherical or conico-hemispherical.

Apical system central dorsal, with five large broad radial plates
limiting the periproct, each with two pores surrounded by a raised
rim, with five small, imperforate, triangular basal plates inter-
vening between the radial plates, entering or not the periproct.
Six or eight ovoid, acuminate anal plates, each with a spiniferous
tubercle.

Ambulacra wider than the interradia, straight, with two rows
of plates, large, hexagonal at the ambitus, and smaller above and
below; each plate with a central circular pit, with a pair of
pores on its floor, and with 2-4 small, perforate, wart-like
tubercles, carrying finely longitudinally-striated small spines;
around is some granulation. The ambulacra end dorsally at the
large radial plates and actinally at the peristomial margin, where
they are moderately broad and exclude, by their contact, the
interradial plates.

" Tentacles long and eylindrical. (Lovén.)

Interradia five in number, narrow, composed each of one row
of plates subequal to the ambulacral, but smaller dorsally and
actinally, excluded from the peristomial margin. Plates may
'have small tubercles and granules.

Peristome subcircular, margin formed by the ambulacra; five
narrow triangular buccal plates project inwards.

Fossil. Lower Silurian: Europe.

Order II. PERISCHOECHINOIDA, cCoy, 1849,
Ann. & Mag. Nat. Hist. vol. iii. (Amended.) .

Tests regular, with more than two vertical rows of interradial
plates which are dissimilar ; with two or many vertical rows of
ambulacral plates, each with a pair of pores. Test thick and
rigid, or thinner and with the plates overlapping more or less.
Ornamentation variable. Jaws present.

Family ARCHZEOCIDARID &.

Perischoechinoida with narrow ambulacra, each with only two
rows of poriferous plates.
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Genus LepipoceNtrUS, J. Miiller, 1856, Abhandl. d. k. Akad.
d. Wiss. Berlin, p. 258. L. Schultze, 1867, Denks. d. k.
Akad. Wiss. Wien, vol. xxvi. p. 128. Lovén, 1874, Etudes,
p- 89. Zittel, 1879, Paleont. Bd. i. pt. iil. p. 482. 4.
Agassiz, 1881, ¢ Challenger’ Report, p. 79. (Amended.)

Syn. Paleocidaris, Beyr.

Interradial areas with from five to nine vertical rows of plates
at the ambitus ; plates hexagonal, except close to the ambulacra,
where they are quadrangular ; imbrication aboral and also laterally
from the median row ; some projection at and over the interradio-
ambulacral sutures.

Ambulacra very narrow, two vertical rows of plates, low and
broad, each with a pair of pores. Beyond the peristomial margin
the plates are continued to the true mouth, no distinction being
possible between coronal and peristomial plates. Tubercles of
the interradia distant, there being two or three upon a plate near
the ambulacra ; the other plates carry only one or two. Spines
subulate and small, but articulated upon tubercles. Jaws
exist.

Fossil. Devonian: Europe. Lower Carboniferous: U. States.

Genus KoNixcrocInaris, Dollo & Buisseret, 1888, Compt. Rend.
de I’ Acad. des Sci. Nat., 26 Mars.

Shape, apical disk, and jaws unknown.

Ambulacra broad, with two vertical rows of imbricating plates ;
a pair-of pores to a plate near the interradial edge; the pores of
the pair oblique, the adoral internal and separated from the other
by an oblique ridge; interporiferous area projecting, carrying
numerous secondary tubercles similar to those of the interradial
plates.

Interradia with seven vertical rows of polygonal plates at the
ambitus, the median row the smallest ; plates only twice as high
as those of the ambulacra, imbricating, carrying rather distant
" secondary tubercles; the adambulacral plates carry a larger
primary, perforated tubercle near their margin. Spines, some
stouter than the others and doubtless belonging to the larger
tubercles ; some very delicate and slender, striated longitudinally
and more or less cylindrical.

Fossil. Carboniferous Limestone: Europe (Belgium).
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Genus Prriscuonomus, McCoy, 1849, Ann. & Mag. Nat. Hist.
ser. 2, vol. iil. p. 251. W. Keeping, 1875, Quart. Journ.
Geol. Soc. 1876, vol. xxxii. p. 85, pL.iii. figs. 1-5. Worthen &
DMiller, 1883, Geol. & Pal. Illinois, vol. vil. p. 333. (Admended.)

Syn. Perischocidaris, Neum.

Test spheroidal, depressed, subpentagonal in outline.

Apical system central, with five broadly pentagonal basal plates
surrounding a small periproct, each with from 6-8 genital per-
forations ; radial plates small ; anal plates exist. '

Ambulacra narrow, straight, sunken, overlapped on either side
by the interradia; plates in two vertical series, numerous, small,
low, broad, and either regular in shape, elongate pentagonal, or
wedge-shaped, the small end of one plate in contact with the large
part of its neighbour; plates overlap from the apex actinally,
each with a pair of pores in simple vertical series or slightly al-
ternating ; surface minutely granular.

Interradia broad, with five vertical rows of large scale-like plates
at the ambitus, diminishing in number to two or three at the apex.
Plates variable in thickness, thick or thin, convex and irregular in
outline, those of the middle rows the most symmetrical, trapezoidal
or depressed hexagonal ; plates of the middle row overlap those
of the row on either side and these the other rows to the ambu-
lacra ; each plate also overlaps, with its aboral edge, the plate
situated apically to it ; the highest plates overlap the basal plates
of the apical system.

Ornamentation granular, homogeneous, and of small and also a
few large, perforate, non-crenulate tubercles with a low, depressed,
broad, conical boss, placed upon a circular scrobicule. A larger
tubercle upon some interradial plates close to, or in the second
row from the ambulacra, or more than one, often with a cirele of
the smaller kind near the edge of a plate. Jaws large; teeth
large and grooved. Spines, some small, aciculate, and striated ;
others larger but still short, smooth and cylindrical, tapering,
broadest inferiorly, without a ring or collar, striated.

Fossil. Carboniferous: Wexford, Ireland, and Clitheroe, Eng-
land ; Scotland ; Europe.

(The diagram given by Keeping, op. cit. fig. 3, should be
reversed.)

The type specimen of P. biserialis, McCoy, in the Wood-
wardian Museum, Cambridge, has a great adoral underlap of the
interradial plates,
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Genus ArcHEOCIDARIS, MeCoy, 1844, Synop. Carb. Foss. Irel.
p- 178.  Trautschold, 1868, Bull. Moscou, vol. xli. p. 467.
J. Young, 1873, Geol. Mag. vol. x. p. 802; Proc. Nat.
Hist. Soc. Glasg. vol. ii. pt. 2, p. 825. R. Etheridge, Junr.,
1874, Quart. Journ. Geol. Soc. vol. xxx. p. 311. ZLovén, 1874,
Etudes, p- 43. W. Keeping, 1875, Quart. Journ. Geol. Soc.
vol. xxxii. p. 89. 4. Agassiz, 1881, ‘ Challenger’ Report,
p. 77. (With additions.)

Syn. Hohinocrinus, Ag.; Paleocidaris, Desor.

Test large. Shape and apical system unknown.

Ambulacra narrow, straight, reaching beyond the peristome to
the true mouth; plates irregular, imbricating adorally, each
perforated by two pores ; plates in two vertical rows.

Interradia with from three to five vertical rows of large, thin
plates, the median hexagonal and those of the rows nearest the
ambulacra more or less pentagonal, diminishing in number
towards the poles, and continued beyond the peristome as
small plates. The median plates are bevelled over those on
either side slightly, and these over others to the ambulacral edge,
which may be raised ; the adoral edge of each plate with a broad
groove for the reception of the corresponding aboral process of
the next plate situated adorally ; the plates within the peristome
overlap towards the apex. Slits at the peristome for the external
branchiz.

Jaws with long, broad, grooved teeth, the pyramlds rather
short, upper foramen small, cheeks deeply cut.

A large primary tubercle upon each interradial plate, having a
low, conical truncated boss, supporting a narrower subconical per-
forated mamelon, surrounded by a wide groove ; scrobicule large,
almost flat ; plate beyond with a circlet of secondary tubercles and
large granules, with concentric striations or crenulations. Spines
of the large tubercles large, long, slender, bluntly serrated on the
longitudinal ribs, some spines smooth, and beyond the lower third
striated and with rows of oblique spinules. The annular ridge of
a spine may be crenulated.

Fossil. Carboniferous Limestone : Ireland, Scotland, England,
‘Wales, Europe, and N. America (Upper Coal-measures, Illinois).
Permian: England.
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Genus Lepipocivaris, Meek § Worthen, 1869, Proc. Acad. Nat.
Sci. Philad. p. 79; 1873, Geol. Illinois, vol. v. p. 478,
pl. ix. fig. 15.

Syn. Focidaris, sensu, Meek & Worthen.

A fragment of a very large test, spheroidal, depressed. Am-
bulacra mnarrow, slightly convex; plates in two vertical rows
feebly imbricated adorally, compound; the primaries alternate
with demi-plates, which are pointed towards the median suture.

Interradia very broad, with eight ornine vertical rows of plates
or even more, hexagonal towards the median line and pentagonal
close to the ambulacra, all imbricated aborally and laterally ; but
the lateral overlap is from the ambulacral edge to the central
plates, which- are overlapped on either side. A large central
tubercle on each interradial plate, with a small, perforated, central
projection for the spine; the base of the tubercle surrounded by
a circular smooth depression, bordered with granular mamelons.
Primary spines long, cylindrical, slender, finely striated ; articular
end perforated and swollen so as to form a distinet ring. Dental
apparatus with the teeth grooved.

Fossil. Lower Carboniferous Limestone: N. America.

Genus Leproecuinus, Hall, 1861, Descr. new sp. COrinoidea,
Prelim. note, Albany, p. 18 ; 1867, Twentieth Report State
Cabinet New York, p. 295.  DMeek & Worthen, 1866, Geol.
Surv. (Pal.) Illinois, vol. ii. p. 294 (reference to Hall).
Meek & Worthen, 1868, Geol. Illinois, vol. iil. p. 522 (note).
Lovén, 1874, Ltudes, p. 44. R. Etheridge, Junr., 1874,
Quart. Journ. Geol. Soc. vol. xxx. p. 812. Keeping, 1875,
Quart. Journ. Geol. Soc. 1876, vol. xxxii. p. 36.

Test large, spheroidal.

Apical system pentagonal, made up of several ornamented
plates, also a circle of small plates within the periproctal ring.

Ambulacra narrow, straight, with two vertical rows of small,
low, broad plates imbricating, the adoral edge of one plate over-
lapping the aboral edge of the plate below it. A pair of pores
to each plate.

Interradia very broad, composed of from nine to eleven vertical
rows of plates, diminishing considerably in number apically, the
plates nearest the ambulacra smallest ; the plates imbricating
laterally from the median series and from pole to pole, the
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median plate overlapping at its sides its mneighbours, and the
aboral edge of each plate overlapping the adoral edge of the plate
above. Tubercles on each of the plates of the numerous rows
above the ambitus, and absent below, except upon the plates
nearest the ambulacra, where they are solitary. Dental apparatus
unknown.

Fossil. TUpper Devonian and Lower Carboniferous: N.
America. Carboniferous: Europe (Belgium).

Genus ParzecHINTS, Scouler, MSS. 18389. McCoy, 1844, Synop.
Curb. Foss. Ireland, p. 171 (pars). Baily, 1864, Journ. Roy.
Geol. Soc. Irel. vol. i. pp. 63-65; 1865, Geol. Mayg. vol. ii.
p. 42. Meek & Worthen, 1866, Pal. Illinois, vol. ii. p. 229.
De Koninck, 1869, Bull. Acad. Brux. vol. xxviil. p. 554.
RB. Etheridge, Junr., 1874, Quart. Journ. Geol. Soc. vol. xxx.
p. 811, pl. xx. Lovén, 1874, Ftudes, p. 40. W. Keeping,
1875, Quart. Journ. Geol. Soc. vol. xxxii. (1876), p. 37-
Duncan, 1889, Ann. & Mag. Nat. Hist. ser. 6, vol. iii.
p- 196. (dmended.)

Syn. Protoechinus, Aust. ; Typhlechinus, Neum.

Test moderate to very large, prolate or oblate spheroidal, rigid,
thick.

Apical system central, with a pentagonal periproct sur-
rounded by five large basal plates, each perforated by three canals,
or one plate may bave but one perforation ; five small, doubly
perforated radial plates, placed either within the periproctal
ring or not separating the basal plates; the anal membrane with
concentric plates, largest externally.

Ambulacra narrow, straight, convex along the median line and
sunken in the poriferous zones, composed of two vertical rows of
very numerous low, thick plates of different shapes; these are
either primaries, all of which reach the ambulacro-interradial
suture as well as the median ambulacral suture, or alternate
plates which are more or less blocked out from the inter-
radial suture, by the increased dimensions of the outer parts of
the plates above and below; or there may be demi-plates and
more or less perfect primaries in the same ambulacrum, the demi-
plates being large at the interradial suture and short and pointed
towards the median ambulacral line, the primaries being long and
may not reach the interradial suture; compound plates rare.
Pairs of pores, in two vertical rows, on each side of an ambu-
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lacrum ; the outer pairs either in demi-plates or in primaries,
the inner pairs always in primaries, which may, however, be short ;
the outer row is associated with the plates, which form decided
salient angles at the ambulacro-interradial sutures; pores of
pairs separated by distinct septa and without peripodia, always
distant from sutures. Ornamentation of ambulacra of small
granules and one or more traunsverse rows of a few very small
tubercles consisting of a flat scrobicule and a small boss.

Interradia broad, convex, with from five to eight vertical rows
of thick tumid plates diminishing in number towards the poles;
middle plates hexagonal, the adambulacral pentagonal and with
the ambulacral edge with salient and reentering angles to fit the
corresponding structures of the ambulacral plates ; some obliquity
of the edges of all the plates, but no true overlap. Ornamentation
of numerous small, close tubercles with a flat scrobicule and a
boss; there may be a linear ornamentation also; spines small,
acicular, short. Jaws and teeth with a groove.

Fossil. Upper Silurian: England. Carboniferous Limestone :
England, Ireland, Scotland, Europe; N. America.

The reasons for restricting the species of Pal@echinus to those
with two vertical rows of pairs of pores on each side of an ambu-
lacrum and for insisting upon the presence of radial plates have
been considered in a late publication (Ann. & Mag. Nat. Hist.
ser. 6, vol. ii. p. 196, 1889), and the necessity for enlarging the
interesting genus Rhoechinus, W. Keeping, has been shown in
the same place. The genus Rhoeckinus now admits the forms
of Paleechini with only a single vertical row of pairs of pores on
each side of an ambulacrum, such as P. elegans, McCoy.

Genus RuoECHINUS, W. Keeping, 1875, Quart. Journ. Geol. Soc.
vol. xxxii. (for 1876), p. 87. Duncan, 1889, Adnn. & Mag.
Nat. Hist. ser. 6, vol. iii. p. 205. (Amended.)

Test small or moderate, spheroidal.

Apical system with five basal plates with several perforations ;
radial plates with more than one perforation; periproctal ring
formed by both radial and basal plates or only by the basal plates.

Ambulacra narrow, straight, composed of a vertical row of
plates on either side of the median line; plates low, broad, thick,
primaries only; a vertical row of pairs of pores on each side of
an ambulacrum, a pair to each plate.

Interradia with from four to five rows of plates diminishing at
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the poles, irregular in shape or hexagonal in the median line and
polygonal at the ambulacral edge. Ornamentation of small
granules with occasional small bosses surrounded by a flat
scrobicule ; plates obliquely bevelled at the edges, admitting of
slight overlap.

Fossil. Carboniferous Limestone: England and Ireland.

Family MELONITID &,

Perischoechinoida with broad ambulacra composed of many
vertical rows of poriferous plates.

Genus MeroNiTES, Norwood & Owen, 1846, Amer. Journ. 2 ser.
vol. il. p. 225. Meek & Worthen, 1866, Pal. Illinois, vol. il
p- 227. Quenstedt, 187275, Petr. Deutsch. Abth. 1. vol. iii.
p- 381, pl. lxxv. figs. 44-50. Lovén, Etudes, 1874, p. 41.
R. Etheridge, Junr., 1874, Quart. Journ. Geol. Soc. vol. xxx.
p- 313, W. Keeping, 1876, Quart. Journ. Geol. Soc. vol.
xxxii. p. 895.

Syn. Melechinus, Quenst.

Test very large, ellipsoidal, grooved longitudinally; plates
thick.

Apical system central, with five equal, pentagonal, tall basal
plates with a corresponding number of intervening radial plates ;
genital perforations of the basal plates varying in number from
three to five, a single pore to a radial plate. Periproet circular.

Ambulacra broad, concave on both sides of a median ridge,
with ten or more vertical rows of rather geometrical or of small,
low, broad plates, thin or thick, each perforated near its centre
by a pair of pores, median rows the largest; some slight imbrica-
tion of the plates.

Interradia with seven or eight or nine vertical rows of plates,
diminishing in number towards the poles, thick, small, hexagonal
near the median lines, pentagonal next to the ambulacra and the
edges festooned there for the zigzag of the ambulacral suture.
Some obliquity of the edges of the plates, especiaily when thick.
Ornamentation of very small, distant, mamillate, imperforate
tubercles ; on the ambulacra they are close, and upon scrobicular
circles. Spines minute, acicular.

Peristome central.  Jaws large, and with stout pyramids,
teeth large, grooved, and long, pointed.
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The obliquity of the edges of the interradial plates is slight,
and its direction and amount are insufficient for imbrication ;
the ambulacral plates, when thin, have some imbrication adorally
and laterally.

Fossil. Carboniferous: England, Europe; N. America.

Genus Orteororus, Meek & Worthen, 1860, Proc. Acad. Nat.
Sei. Philad. vol. xii. p. 474; 1866, Pal. Illinois, vol. ii.
p- 247.

Test with the same general shape as Melonites, and the apical
system also.

Ambulacra with four vertical rows of plates, each plate per-
forated by a pair of pores, some demi-plates amongst the pri-
maries. ‘

Interradia large, convex, with from five to nine vertical rows
of plates at the ambitus, diminishing in number towards the
poles.

Fossil. Lower Carboniferous: N. America.

Genus Lepioestuws, Meek & Worthen, Pal. 1llinois, vol. iii.
p. 522.

Test ellipsoidal ?

Ambulacra very broad, consisting of ten vertical series of plates
at the ambitus ; the plates overlap adorally, and they are broad,
small, low, and each has a pair of pores.

Interradia comparatively narrow, with five or six vertical rows
of plates, which overlap aborally and at the sides. Tubercles
very small, equal.

Fossil. Carboniferous: N. America.

The next genus requires careful consideration, for it was
founded partly by Worthen, whose name is so familiar to
students of the Palmechinoidea, and yet contains characters
which appear to be due to the same cause which led some excel-
lent observers into error with regard to the nature of the imbri-
cation of the Echinothuride. .

It appears that it is quite possible that the distinguished
American pal@ontologist may have seen the plates of his type
from within, and, if so, it accounts for the character which he has
given the type, of the plates overlapping in a direction contrary
to all other Palwechinoidea. Worthen and Miller, after noticing
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this anomaly, observe that the direction of the overlap is the
same as that seen in Echinothuride. Now there is no doubt
that this mistake about the direction of the overlap of the ambu-
lacral and interradial plates in Echinothuride originated with
the late 8i» Wyville Thomson, who wrote in ‘ The Depths of the
Sea,” 1873, p. 158, that the overlap was of “the plates of the
interambulacral ares from the apical pole towards the mouth,
those of the ambulacral arew from the mouth towards the apical
disk.” He referred, for the purpose of illustration, to his figure
28 (on p. 157). TUnfortunately this figure is of part of the inside
of the test of Culveria (Asthenosoma) hystriz, Wy. Th. The
direction of overlap is always considered in relation to the out-
side of tests. In 1874 Mr. R. Etheridge, Junr. (Quart. Journ.
Geol. Soc. vol. xxx. p. 307), quoted Sir Wyville Thomson’s words,
and it became generally believed that the overlap of the plates
of the Echinothuride was in the opposite direction to that of the
Perischoechinoidea. But Sir Wyville Thomson also wrote in
1874 (Phil. Trans. Roy. Soc. p. 730), after the publication of Mr.
Etheridge’s paper, as follows :— “ The plates of the interambulacral
areas overlap from the mouth towards the apex, and the am-
bulacral plates in the opposite direction.” A. Agassiz also
pointed out that the overlap is normal. Again, the most striking
character of Worthen and Miller’s genus is the projection in the
form of humps of the ambulacra near the apex. But that con-
dition is so anomalous that oue is tempted, especially after the
explanation of the abnormal overlap, to believe that the reverse
coudition should be seen from outside, and that the humps are
really marsupia seen from within the test. The genus as defined
by its authors is given, but the remarks just made should have
their weight.

Genus HysocHINUS, Worthen & Miller, 1883, Geol. & Pal. of
Illinois, vol. vii. p. 331.

Test flexible, subspheroidal, consisting of 5 ambulacral and
the same number of interradial areas; protuberances at the apical
ends of the ambulacra (possibly marsupial cavities).

Ambulacra composed of numerous (10) ranges of alternating
and overlapping plates, and even more at the ambitus; each plate
perforated in the central part by a single pair of pores. The
plates imbricate from below upwards (probadly from above
downwards).

LINN. JOURN.—ZOOLOGY, VOL. XXIIIL. 2
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Interradia one half as broad as the ambulacra, with five or
more verbical rows of overlapping plates, which diminish in
number towards the poles; the plates imbricate from above down-
wards (probably the reverse) and from the central range outward.

Surface covered with small granules for the articulation
of minute spines. Jaws consisting of large subtriangular,
truncated, conical pieces deeply furrowed towards the ends and
perforated in the central part. Genital plates probabiy with four
pores. The spines minute and acicular.

Fossil. Carboniferous: N. America.

Genus PaoLinociparts, Meck § Worthen, 1869, Proc. Acad. Sci.
Philad. p. 78 (under Lepidocentrus) ; 1873, Geol. Illinois
(Palwont.), vol. v. p. 510, pl. xv. fig. 9. Lovén, Titudes,
1874, p. 40. Zittel, 1879, Paleont. Bd. 1. p. 482.

Fragments belonging to individuals of from 90 to 100 milli-
metres in diameter.

Interradia witb five or more rows of plates imbricated aborally
and laterally, granular, thin, rounded, convex, unequal, those
nearest the ambulacra three or four times the size of the others,
elliptical, higher than broad, projecting. On one surface
(ventral?) there are primary tubercles one to a plate, placed
centrally, and perforated, and surrounded by two smooth rings;
similar tubercles on the opposite surface of the test only on the
ambulacral plates. Spines subulate, finely striated longitudinally,

Ambulacra broad, with six vertical rows of small plates, variably
shaped, oval, rhomboidal, or with the angles rounded; plates
imbricating adorally ; with a moderate-sized mamelon, and the
pores in single or sometimes double pairs, in a depression.

There are also small spines and small buccal scales present.

Fossil. Inferior Carboniferous: N. America. Type P. irre-
gularis, Meek and Worthen.

There is a singular question about the zoological position of
Paleodiscus, Salter, for the late Sir Wyville Thomson placed it
ag a synonym of Echinocystites. There are specimens in the
Museum of Practical Geology, Jermyn St., and in the British
Museum ; and it is tolerably evident that there are forms there
which simulate the typical Paleodiscus, which Salter decided to
be an Asteroid. Two of these forms in the British Museum are
associated, and properly so, with the Palmechinoidea, but are
flattened, badly preserved semicasts. The interradial parts have
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several vertical rows of plates and the ambulacra are narrow, and
with a multitude of small, low plates each perforated minutely by
a pair of pores; as there are two pairs of pores on each side of
the median line and placed nearly horizontally, the presence of
two vertical rows of ambulacral plates on either side of the
median line must be admitted. The peristome presents some
appearance of jaws. There is not enough to define a new genus
from, and certainly the reason for placing the forms in Echino-
eystites 1s not apparent. The alliance is with Oligoporus, but it
is necessary to wait for better specimens. (See Echinocystites.)

Order ITI. PLESIOCIDAROIDA.

Test small, subhemispherical, solid, with a large apical system,
having large united basal plates and a central periproct. Ambu-
lacra marrow, and with two vertical rows of poriferous plates.
Interradia with a single peristomial plate, followed by three
plates separated by vertical sutures. Large tubercles on the
actinal surface.

Genus TrarEcHINUS, Newmayr, 1881, Sitzungsb. d. kais. Akad.
d. Wiss. Wien, 1882, Bd. 84, Heft i. p. 69. Lovén, Pourta-
lesia, 1883, Kongl. Svenska Vetensk.-Akad. Handl. Bd. xix.
pp- 11, 64, pl. xiii. _

Test small, flat actinally and slightly elliptical in marginal
outline, subhemispherical dorsally.

Apical system very large, extending mearly halfway to the
ambitus ; periproctal space small, pentagonal; basals very large,
the posterior the smallest, hexagonal, forming a very broad ring;
genital pores two in number, one in the basals 1 and 8; radial
plates pentagonal, notching the union of the basals slightly ; pores
absent,.

Ambulacra band-like, equal, but the posterior pair are closer
together than the others; straight, broadest at the peristome,
made up of two vertical rows of numerous low, broad primary
plates, each with a pair of pores and a small plain tubercle,

Interradia broad, actinally composed of a single peristomial
plate, above which are three tall plates only, one median aud the
others at its sides. Ornamentation, a plain primary tubercle
to each plate at the ambitus and actinally ; elsewhere the test
is coarsely granular, including the apical system. Sutures very

2%
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invisible; test solid-looking. Peristome large, oval-elliptical,
without branchial incisions.

Fossil. St. Cassian-Trias: Europe.

It is to be observed that the single species of this genus,
T. princeps, Laube sp., was diagnosed from specimens 3'8 millim.
in height, 52 millim in length, and 4'9 millim. in breadth.

Order IV. CYSTOCIDAROIDA, Ziitel, 1876-81.

Test irregular (exocyclic), globular or ovoid, thin, flexible (?) ;
madreporite central and dorsal. Ambulacra narrow, and with
two vertical rows of poriferous plates. Iuterradia broad, with
numerous vertical rows of scale-like moveable plates ; periproct
in the posterior interradium above the ambitus.

There has been a difficulty made about the mname of the
principal, if not the only, genus of this family. Wyville Thomson
defined the genus very well in 1861, and employed the term
Echinocystites, which was a good one. In 1864 Hall called a
genus of Cystidea by the name already ocecupied by Wy. Thomson’s
genus. In 1876-80 Zittel, in his ‘ Palzontologie,” p. 480, altered
Wy. Thomson’s term to Cystocidaris, and noticed the fact about
Hall’s using the name Eehinocystites, althongh it was preoccupied.
Certainly Wy. Thomson’s name must continue, and Hall’s
Cystidean will have to be called by something else, and Cyszo-
cidaris must lapse according to the ordinary rules of nomen-
clature.

Genus Ecmizocystites, Wy. Thomson, 1861, Edinb. New Phil.
Journ. n. ser. vol. xiil. p. 108, pls. iii., iv. (zon Echinocystites,
Hall, 1864).

Syn. Cystocidaris, Zitt. ; Paleodiscus, Salt. in Wy. Thoms. op.

cit. p. 116%, A

Test large, spheroidal or ovoid, thin, flexible.

Apical system central and dorsal, apparently consisting of a
large madreporite only.

Ambulacra narrow, straight; plates numerous, small, low, in
four vertical rows, a central pair of pores in each plate, and

# The genus Paleodiscus, Salter, 1857, Ann. & Mag. Nat. Hist. ser. 2,
vol. xx. p. 332, was considered by Wy. Thomson in the same essay as that

which contained the description of Eckinocystites, and the solitary species was
stated to be flexible and the teeth were as chisels.
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therefore four vertical rows of pores two on each side of a median
groove.

Interradia with numerous, 6-8, vertical rows of scale-like
lozenge-shaped or irregular plates, each with a small primary
tubercle surrounded by a scrobicule; granules present, and the
spines short, sharp, striated, and serrate. The areas appear to
unite apically.

Peristome central, actinal, small, pentagonal or stellate, sur-
rounded by marginal ambulacral and interradial plates; dense
sheaves of short spines at the edge. Jaws highly developed, five
pyramids; the inner, oral surface of the pyramids with strong
spines * or with striated chisel-shaped teeth. Periproct large,
on a low pyramidal protuberance in an interradium, at -about
one third of the diameter of the test from the peristome.

Fossil. Upper Silurian: Scotland.

1I.

Remarks upon the Subclass Euechinoidea, the five Orders, definitions,
and of the Suborders of the second Order. Order I., the Cidaroida ; the
Family Cidaride. Section I. Genus Cidaris (note on the classification). The
seven divisions of the genus; definitions ; Subgenus Goniocidaris. Other genera.
Section IL. Order IL., the Diadematoida. The Suborder Streptosomata; con-
siderations regarding the anatomy and classification. The Family Echinothu-
ride, and Subfamilies Pelanechininze and Echinothurine ; the description of the
genera.

II. Subclass EUECHINOIDEA.

The classification of the BEuechinoidea, like that of many of the
great groups of Invertebrata, can be generally natural and
definite ; but an artificial method seems to be necessary, occa-
sionally. Some of the “ Orders ”” are well defined by characters
of considerable anatomical and physiological value, but others
are of unequal relative value, are perhaps too comprehensive, and
Suborders have to be founded. ‘

The Orders Cidaroida and Clypeastroida, amongst the Gnatho-
stomes, are well defined, but the discovery of the Drs. Sarasin

* The spines at the oral surface of the pyramids are accidental, and the
result of crushing.
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regarding the internal branchim of the Echinothuride and
Ludwig’s remarks concerning the rudimeutary nature of these
organs in some Diadematide, coupled with the knowledge that in
some genera of this great family the internal branchiz are not
seen, renders it impossible to classify upon the old grounds-
The difficulty is where to place the Echinothuride, and the Tem-
nopleuridee, Echinometride, and Echinide in reference to the
Diadematidz and close allies, and the Saleniidee. Itis the opinion
of A. Agassiz that the Echinothuride should be placed close to
the Diadematidee and not with the Palxechinoid®a; and it ap-
pears to be justified by facts. But the flexible forms with the
ambulacral plates continued to the mouth are, as a group, not of
the same taxonomic value, in reference to the Diadematidz, as the
other families just mentioned. The Echinothuride have sub-
ordinal characters. On the other hand, it is not possible to
separate the Echinidw, Echinometride, and Temnopleuridse from
the Diadematidee ; and they all belong to a suborder.

There is at present no other method possible than to separate the
Gmnathostomes which are endocyelic, and which have continuous
perignathic girdles and external branchiw, into two Suborders.
In one the test is flexible and the branchiz are both external and
internal; and in the other the test is rigid, and the internal
branchiz are either small, rudimentary, or absent.

A difficulty occurs amongst the Exocyclic genera, and there is,
ab present, no satisfactory classification possible of some of the
Exocyelica without teeth. .

It appears to be straining a point to separate such a genus
as Discoidea from the Order which contains Holectypus, but the
perignathic girdle of the last-named and its jaws and teeth
differ from those of the first-named genus. In Discoidea thereis a
perignathic collar with possibly the relies of ambulacral pro-
cesses; but it is the opinion of Mr. Percy Sladen and the author
of this Revision that no jaws were present. Lovén is of a dif-
ferent opinion, but still no jaws have been found. It is not
possible to place Eckinoconus with either of these genera, for
the ambulacra and the peristome differ, it bas most rudimentary
auricles, and the perignathic girdle is reduced to more or less
defined interradial ridges, and the genus was jawless. Discoidex
was a transition form, between the Gnathostomes and the Suborder
of Cassiduloidea, and part of the dental apparatus was abolished,
and degeneration of the perignathic girdle occurred. To place
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the genus in a separate Suborder is pot advisable; and it is
perhaps best to enlarge the definition of the Order, which con~
tains Holectypus as a type, so as also to include the genera with
perignathic girdles of more or less continuous collar-shape, without
jaws. At present our knowledge of the genera Galeropygus
and Pachyclypeus is so defective that they must remain sncerte
sedis.

The abolition of the toothless Irregulares (Exocyclica) as a
group assists the definition of the Cassiduloidea, for Phyllo-
clypeus, Conolampas, and even Kchinoconus can enter it, only
the latter genus being, possibly, somewhat artificially placed.
The separation, made many years since by Desor, between
the Cassiduloids with a floscelle and without that important
peristomial cbaracter, holds good, and the only difficulty in the
taxonomy is to place the few genera which have, besides some
Cassiduloid characters, the dissimilarity of the ambulacra charac-
teristic of the Spatangoida, and variable apical systems, such as
Eolampas, Archiacia, Claviaster, Asterostoma, &c. These genera
are aberrant, yet they link the Cassiduloidea with the Spatan-
goidea in an Order. They form 3 new Family, the Plesio-
spatangide.

The classification of the great group of Spaban«mdea—& Sub-
order—has been rendered difficult in consequence of the discovery
of the abyssal forms. Under the hands of Lovén* and A. Agassizt
the suborder has become manageable, and its Families are those
of the Ananchytide, Spatangide, Leskiidz, and Pourtalesiide.
The Spatangide contain four well-marked types, but they do not
appear to be worthy of subfamily distinction, for their separating
characters are rather artificial and are of unequal value. The
divisions are those insisted upon by Lovén, namely, the genera
without fascioles, those without a subanal fasciole, those with
a subanal fasciole, and those which are apetaloid. These are
the divisions of Adetes, Prymnadetes, Prymnodesmia, and
Apetala,

The attempt is made, in this revision, not to overvalue the
characters of perforation and crenulation or of the plain and
imperforate nature of primary tubercles. The physiological value
of crenulation is very slight, it often oceurs or is absent in the

* ¢ftudes’ and ¢ Pourtalesia.
t Report on the ‘ Challenger’ Echini.
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same species and specimen, and it and the opposite condition will
not-distinguish genera for the future *.

The nature of the ambulacral plates, the arrangement of the
pairs of pores,and the shape and functions of the tentacles are, how-
ever, considered to be of great taxonomic importance. The great
importance of the radial plates, formerly erroneously considered
to have a reference to an optic organ instead of a primary tentacle,
is not admitted ; and M. Pomel is not followed when he endeavours
to establish genera and subgenera upon the entrance or not of
one or more of the radial plates within the periproctal ring.
Following A. Agassiz, the structure and shape of the spines are
considered of secondary importance in classification, and genera
are not separated on account of dissimilarities in the spines,
nearly or quite all other structures being the same. These
remarks will account for a proceeding which may take some
pal@ontologists by surprise, namely, the absorption of Pseudo-
diadema into the previously diagnosed genus Diademo, and the
union with this last of many subgenera which were formerly
considered to be genera.

IT. Subclass EUECHINOIDEA.

I. Order.—FEuechinoidea with an actinal, central peristome and an
abactinal per{(proct, situated within thg dorso-central system ;
with internal.branchie only, and having jaws and more or
less Vérﬁcally placed teeth, and a discontinuous perignathic
girdle; the interradial as well as ambulacral plates continued
beyond the peristome to the true mouth. Spheridia absent.
Endocyelic, g/llec;ccmranchiate, Gnathostomes.

CIDAROIDA.

II. Order—Euechinoidea with an actinal, central peristome and
an abactinal periproct situated within the dorso-central
system; with perfect or rudimentary or absent internal
branchie, with external branchie and incisions in the peri-
stome ; wima teeth and a continuous perignathic
girdle ; ambulacral plates alone continued beyond the peri-
stome or as separate buccal plates. Spheridia present.
Endoeyclie, ectobranchiate, Gnathostomes. '

o DIADEMATOIDA.

* Ann, & Mag. Nat, Hist. 1888, pp. 120-122.
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1. Suborder StrErTOsoaraTA.—Test more or less flexible, with
external and internal branchie. Ambulacral plates alone
continued beyond the peristome to the stoma.

2. Suborder StErmosoyara.—Test rigid, with external bran-
chize and rudimentary or absent internal branchie; with
isolated buccal ambulacral plates.

IIL. Order.—Euechinoidea with an actinal, central peristome,
and the periproct situated beyond the dorso-central system
in the posterior interradium ; with external branchiz ; with a
pair of pores or only one pore to an ambulacral plate ; with
feeble jaws and vertical teeth, or without these structures;
with a variably constructed perignathic girdle. Spheridia
present. Exocyclic, oligoporous, Ectobranchiata. '

HOLECTYPOIDA.

IV. Order—Euechinoidea with an actinal peristome, a peri-
proct situated beyond the dorso-central system, in the pos-
terior interradium ; with external branchie ; with tentacular
pores in the interradia, and more than a pair to an am-
bulacral plate; tentacles heteropodous in arrangement;
with more or less horizontal and rarely vertical teeth,
and with jaws situated superiorly to the disconnected
perignathic girdle. Spheridia present. Exocyclic, petalo-
branchiate, polyporous, Gmathostomes.

CLYPEASTROIDA.

V. Order.—Euechinoidea with an actinal or afrontal peristome,
and a periproct situated beyond the dorso-central system,
in the posterior interradium ; without external branchie,
jaws, teeth, and perignathic glrdle. Spherldla present.
Exocyclic, anectobranchiate, Nodostomata.

SPATANGOIDA.

1. Suborder CASSIDULOIDEA.
2. Suborder SPATANGOIDEA.
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Subeclass II. EUECHINOIDEA.

Order I. CIDAROIDA (p. 24).

Family Ciparip®E, Agassiz § Desor, 1848, Catal. Rais., Ann.
Sei. Nag. vol. vi. p. 325 (pars). Jok. Miiller, 1854, Abk. d.
k. Akad. d. Wiss. Berlin, p. 123. Desor, 1858, Synopsis,
P- 2 (pars). Wyv. Thomson, 1874, Phil. Trans. vol. clxiv.
p- 720. A. Agassiz, 1874, Revision, pp. 251 & 384 (pars)¥*.

Test spheroidal ; the ambulacra narrow, with two vertical rows
of very numerous low plates, which are primaries, and rarely
become compound, united by their edges, each with a pair of
pores arranged in single and rarely in double series ; other plates
continued from the peristome to the true mouth and imbricating,
besides being perforated; interporiferous areas with large and
small granules only.

Interradia broad, with few plates in two vertical series, most
with a large primary, scrobiculate tubercle, carrying a large
spine, secondary tubercles and granules with smaller spines;
plates united at their edges; some broad and low plates con-
tinued from the peristomial margin to the true mouth, and
imbricating.

Apical system large, with five basal plates and five radial
plates, each with a perforation; periproct in the midst, covered
with plates. A madreporite in the right anterior basal plate.

Jaws with the foramen of the pyramid small, and not closed
in by epiphyses; teeth grooved ; perignathic girdle discontinuous,
with a bifid process on each interradium only. Branchie in-
ternal; tentacles subheteropodoust. Peristomial branchial inei-
sions and external branchie absent. Spines variable. Spheridia
absent.

* A, Agassiz pointed out in the ‘Revision ’ that the anatomical researches of
Johan. Miiller rendered a correct definition of the family Cidarida possible.
But nearly all the definitions which have been recorded have been too synthetic.
Since A. Agassiz gave such a mine of information regarding the recent genus
Cidaris and its subdivisions, there has been a general movement towards simpli-
fication. The old subfamily “ Salenide” has been eliminated and the fossil and
recent Cidaride form a tolerably homogeneous group. In the Report on the
¢ Challenger ’ Echini, 1881, A. Agassiz remarks concerning the branchial slits at
the true mouth of recent specimens of Cidaris (p. 53) :—* Whether it is these
organs (gills) which find their way through the cuts or not, in our Florida
species, I am unable to state ; and a renewed examination of living specimens

will be necessary before we can settle thisinteresting question.”
+ The definition of terms'is given at the end of this Essay.
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Order CIDAROIDA.
Family CIpARIDE.

Section I. Ambulacral pairs of pores uniserial.
Genus Cidaris.
Subgenus Goniocidaris.
Genus Orthocidaris.
Temnocidaris.
Polycidaris.

Section 1I. Ambulacral pairs of pores biserial.
Genus Diplocidaris.
Tetracidaris.

Section 1.

The first genus of the Cidaride is Cidaris, Agassiz and Desor,
1846 ; and it is a very large one. Nevertheless it is well dif-
ferentiated from any other genus; and it would be easily de-
fined had not a series of artificial divisions, raised to the dignity of
subgenera and even of genera, been employed to group the species.
It is best to give the amended generic definition, and then to
consider the grouping of the species.

Genus Crparis, Klein, 1734 (pars); Lamarck, 1816 (pars);
Grray, 1825 (pars). Agassiz & Desor, 1846, Cat. Rais., Ann.
Sci. Nat. vol. vi. p. 325. J. Miiller, 1853, Bau. d. Ech.,
Abkl. d. k. Akad. d. Wiss. Berlin, pub. 1854, p. 123.
Desor, 1858, Synopsis, p. 8. A. Agassiz, 1872-74, Revision
of the Echini, p. 252 ; and 1881, ‘Challenger’ Report, p. 83.
C. Stewart, 1871, Quart. Journ. Micr. Sei. n.s. vol. xi. p. 54
and 1879, Trans. Linn. Soc. vol. i. p. 569. Lovén, 1887,
Ech. descr. by Linneus, pp. 138, 146.

Syn. :—Focidaris, Desor, 1858 * ; Anaulocidaris, Zittel, 1884 1 ;
Discocidaris, Dioderlein, 1885 & ; Schleinitzia, Studer §.

Syn., when employed as genera and not as artificial divisions :—
Stephanocidaris, A. Agassiz| ; Rhabdocidaris, Desor 9 ; Leio-

* Symopsis, p. 155. : t N. Jahrb, f. Min. Bd. ii. p. 182.

1 Archiv f. Naturg. Wiegm. 1885, Heft i. p. 82.

§ Monatsh. d. k. Akad. d. Wiss. Berlin, 1877, p. 463.

|l Revision, p. 393.

9 Synopsis, p. 39; and de Loriol, 1883, Cat. Rais. d. Ech. rée. & I'Ile
Maurice, p. 7.
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cidaris, Desor* ; Phyllacanthus, Brandt ¥ ; Dorocidaris, A.
Agassiz t.

Test variable in size and thickness, spheroidal, depressed or tall.

Apical system large, either flat, and with the large geometrical
basal plates weakly united, or solidly sutured; the radial plates
large, separating the basals or not, and in the first case often
touching the outer periproctal plates which may intrude. Basal
pores large; the madreporite in the right anterior basal plate;
the periproct pentagonal, variable in size, numerously plated.

Ambulacra narrow, undulating or nearly straight, composed of
very numerous broad low primaries, which are perforated by
single pairs of pores, the pores being variable in their distance,
and may or may not be united by a groove; poriferous zones
broad ; interporiferous areas with vertical rows of distincl granules
which are small, and may bave rudimentary mamelons. The
plates are continued beyond the peristomial margin to the edge
of the mouth, and are low, broad, imbricating, and each is pierced
by a pair of pores.

Interradia broad ; coronal plates few, from 5 to 11, in each of
" the two vertical rows, each with a primary tubercle, scrobiculate,
and perforate, may be crenulated or not. Scrobicule large, often
sunken, its margin with small secondary tubercles and large
granules ; the space beyond the scrobicules with large miliary
granules.

Peristome large, without branchial incisions; the interradial
plates continued beyond the peristome to the mouth, small, low,
imbricating, in double series. Spheridia absent.

Perignathic girdle discontinuous; auricular processes upon
the interradia. Pyramids of jaws unclosed above by epiphyses ;
teeth grooved.

Spines of the ambulacra, the scrobicular circle, the miliary
zones, and of the plates beyond the peristome very similar, small,
straight, blade-of-oar-shaped, very close; and those of the scro-
bicules cling around the primary spines. Primary spines very
variable, even in the same species, with a calcareous mnetwork
internally and solid outside, lamellary, or fluted externally, and
variously spinuled, granulate, laminated, some whorled ; long, with
a cylindrical or angular section, pointed or blunt; or very short,

* Synopsis, p. 48.
+ Prodr. d. Act. d. 'Acad. St. Pétersh. 1834 (Additions), p. 267.
1 Revision, p. 254.
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clubbed, and large at the blunt end; fusiform, sharp, or blunt;
cylindrical and blunt, with spinules, thorns, and gfanules or
disk-shaped expansions, or cup-shaped at the end, with spines
radiating ; or long, flat, expanding, furrowed and spined.

Tentacles disciferous actinally, and gradually becoming non-
prehensile and branchial. Pedicellarie large, tridactyle, gemmi-
form, and small and blunt-headed. .

Sexes separate or not; young usually undergoing metamor-
phoses, rarely not, and then found upon the parent.

Fossil. Permian : Europe. Trias: Europe, Asia *. Jurassic to
Post-pliocene : England and Europe, N. Africa, Asia. Cretaceous
to Tertiary: N. America, Hgypt, and W. Africa. Tertiary :
Australia.

Recent. World-wide.

Every writer upon the classification of the Echinoidea since Desor has
complained of the unsatisfactory attempts of some of the most distin-
guished authorities to subdivide the genus Cidaris. The subdivisions
gradually became subgenera; and of late these have received generic
importance. The divisions were made upon very unimportant external
characters ; and subsequent research has proved that these structures, the
variations of which led them to be considered of good diagnostic value,
are of no physiological importancet. The presence or absence of perfo-
ration and crenulation of the primary tubercles, and the connection of the
pores of pairs by a groove, or their disconnection by a granule or swelling,
have really been the main features relied upon to establish divisions, sub-
genera, and finally genera. Common observation will satisfy anybody
that crenulation is not invariable upon the same test in many instances ; and
itis a mistake to believe that it is a structure which relates to the strength
of the spine-muscles. These are attached to the edge of the scrobicule,
and are inserted just below the milled ring of the spine; and they have
nothing to do with the crenulation. This appears to add to the attach-
ment surface of the membrane of connective tissue which closes the ball-
and-socket joint of the spine and tubercle.

The grooving, or the reverse condition, between the pores of a pair is of
10 physiological importance whatever; and it is frequently impossible to
decide whether the pores are connected by a groove or not.

Any classification in which these characters are used is artificial.

The number of interradial coronal platesis of physiological importance ;

* Focidaris = Cidaris has been found in the Salt Range, British India.
t Duncan, 1888, Ann. & Mag. Nat. Hist. vol. i, p. 124.
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and there is a great temptation to consider typical Cidarids as having but
a few, say not more than seven, 1n a vertical row.

But all the other structures, or the varieties of structures, are to be noticed
in combination with few or many plates. The spines of some species
are apparently so peculiar that they have been used as classificatory data
of primary importance ; and one subgenus has been founded upon them.
But A. Agassiz very properly now lays down the law that Cidarids cannot
be classified by their spines alone. The nature of the apical disk is very
different in some Cretaceous and recent species: in the former it is solid,
and with a tall basal ring and a small pentagonal periproct in some well-
known forms; and in the latter it is large, flat, with feebly united plates,
the radial plates sometimes separating (with or without the assistance of
some periproctal plates) the basals. But there is every link in the inter-
mediate chain of structures to be seen, and even in the same species there
are variations in relation in the position of the basals and radials, entry
or not of the latter taking place within thering. The size of the miliaries
and the occasional want of perfection of the tubercles of the interradial
plates close to the apex cannot be of any great importance.

Both Lamarck and Agassiz, and subsequently Desor, insisted upon the
subdivision of Cidaris, in reference to the condition of the primary
tubercles and the grooved or not nature of the test between the pores of
pairs. Desor thus established Rhabdocidaris and Leiocidaris; Brandt
established the subgenus Phyllacanthus from the nature of the spines and
straightness of the ambulacra. A. Agassiz decides against Leiocidaris, and
adds to the diagnosis of Phyllacunthus; and he introduces Dorocidaris,
which is a true Cidaris with non-crenulate tubercles. De Loriol and
M. Cottean have both altered the range of diagnosisin Rhabdocidaris and
Leiocidaris; and the first-named naturalist decides against Leiocidaris
and Phyllacanthus.

It appears, after having given the subject careful consideration, that
none of these divisions is worthy of a true subgeneric position, but that
Rhabdocidaris, Leiocidaris, Dorocidaris, Stephanocidaris, Phyllacanthus
(Brandt), A. Ag., and Porocidaris are fairly useful artificial divisions. They
are synonyms of Cidaris, however. Goniocidaris is a good subgenus.

I. Diviston. Typical Cidaris.

If the system of subdividing the genus artificially is adopted,
the typical species will be those with a small number of inter-
radial coronal plates (5-8), and with the ambulacra more or
less undulating, the pores of pairs rather close and separated
by a nodule or ridge, and the primary tubercles perforated and
crenulated.

The other divisions will be as follows :—
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II. Davisiow. Syn. Genus Rhabdocidaris, Desor, 1848, Synopsis,
p- 39.

Large swollen tests, often as high as broad ; remarkable on
account of the particular structure of the poriferous zones,
which are broader than in true Cidaris, the two pores of a pair
being distant, and linked by a groove which is small and hori-
zontal. Ambulacra in general straight or slightly flexuous.
Tubercles large, always strongly crenulated (at least in the
fossil species), and proportionally more numerous than in true
Cidaris.  Scrobicules large, often elliptical. Miliary zone
broad. Spines very stout, some cylindrical or prismatic, and
furnished with dentations or spines, and others in the shape
of oars, either simple or with spines at the base. Axrticular
facette very large and strongly crenulated. Neck little or not
constricted.—(Type, Cidaris copeoides, Cott., and C. guttata,
Cott.)

III. Diviston. Syn. Genus Leiocidaris, Desor, op. cit. p. 48.

Large tests, with smooth tubercles; but they differ from
Cidaris because the pores of a pair are linked by a small groove,
as in Rhabdocidaris. Miliary zones very broad. Spines as
large smooth cylinders, resembling those of Heterocentrotus.
Desor defines Leiocidaris as Rhabdocidaris with uncrenulated
tubercles.—(Cidaris canaliculata, Dunc. & Sladen, Foss. Ech.
Sind, Pal. Ind. ser. xiv. p. 109, 1884, is a good type.)

1V. DivistoN. Syn. Subgenus Dorocidaris, A. Agassiz, 1872,
Revision, p. 254.

Ambulacral median area narrow ; a small number of inter-
radial plates; scrobicules sunken, and median space also.
Tubercles without crenulations, and the pores of a pair without
an intermediate groove. It will be observed that the spines
are very variable in this division.

Dorocidaris is a true Cidaris, with no crenulation on the
tubercles.—(Cidaris papillata, Leske, is the type.)

V. Division. Syn. Genus Stephanocidaris, A. Agassiz, 1872,
Revision, p. 393.

Test thin. Apical system larger than the peristome, the
plates feebly united, and the whole flexible; the polygonal
basal plates separated by large radial plates.—(Cidaris bispi-
.nosa, Lmk., is the type.) :
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VI. Drviston. Syn. Subgenus Phyllacanthus, Brandt, 1834,
Rec. d. Actes de ’Acad. Imp. d. Sci. de St. Pétersb., pub.
1835, Additions, p. 267 ; A, Agassiz, Revision, 1873, p. 387.
(Amended.)

Test large, swollen, comparatively thin, and with the maximum
of coronal plates, 8-11. Apical system large ; the basal plates
in contact, or separated by radial and anal plates. Ambulacra
almost straight or very slightly undulating, broad ; the pores in
a broad zome, and united by a groove. Primary tubercles
of the interradia large, perforate, non-crenulated, scrobicular
circle large, areola sunken, mamelon small. Miliary area wide.
Spines mostly solid, the primaries varying greatly in shape
and size, cylindrical, triangular, flattened in section, elongate
or club-shaped, blunt or pointed; flutings strong, either as
simple striation, or as continuous or broken lamelle variously
projecting, sometimes forming secondary spinules.—(P. dubia,
Brandt. See Lovén’s remarks upon the subgenus in ¢ Echin.
described by Linnzus,” 1887, p. 148.)

VII. Diviston. Syn. Genus Porocidaris, Desor, Synopsis,
Pp- 46, 47. 'Wy. Thomson, 1874, Phil. Trans. p. 726.

Ambulacra broad and straight ; pores wide apart, united by a
groove. Primary interradial tubercles with small perforate and
crenulated mamelons ; the scrobicules more or less transversely
oval, with shallow grooves more or less defined, radiating from
the periphery towards the centre, along the flank of the
tubercles, with or without pores or depressions at the outer
extremity of the grooves. Some spines flattened, with strongly
serrated edges, resembling the smaller peristomial spines of
Cidaris papillata.— (Cidaris purpurata, Wyv. Thoms., the type.)

Subgenus Goniocivarts (genus), Desor, 1846, Agassiz § Desor,
Cat. Rais. & Ech., Ann. d. Sci. Nat.vol. vi. p. 837. Liithen,
1864, Ved. Med. f. Nat. Kjobenh. p. 187. A. Agassiz, 1873,
Revision, p. 395.

Test high ; coronal plates numerous; ambulacra narrow ; the
median sutural regions of interradia and ambulacra sunken,
forming with the horizontal sutures a zigzag, culminating in
pit-like depressions at the angles of junction of the sutures.



GENERA. AND GROUPS OF THE ECHINOIDEA. 33

Spines variable, either long, cylindrical, and pointed, the sur-
face having thorns, pointing irregularly outwards, or short, stout,
cylindrical or flat in outline, with enlarged cup-like tops with a
fringe of strong radiating spinules; spinules in vertical series
along the stems or restricted to the edge, in the flat specimens.

Viviparous, unisexual.

Fossil. Tertiary : Sind, Asia.

Recent. Philippines ; Indian Archipelago; East Indies; Aus-
tralia, N. South Wales ; Tasmania ; Falkland, Marion, and Ker-
guelen Tslands ; Patagonia; Antarctic Ocean ; Natal ; Zanzibar.

Wy. Thomson and Studer discovered about the same time, in
1876, that Goniocidaris was viviparous, and that the young were
carried upon the apical system, protected by the upper spines of
the test, until their full development took place. Studer, 1876,
Berl. Akad. Monatsb. p. 455, noticed the large genital openings
covered by a thin membrane ; and Thomson described the method
of carrying the young, and that the female genital openings
notch the edge of the basal plates (Journ. Linn. Soe. vol. xiii.
1876 ; and Voyage of the ¢Challenger,” vol. ii. p. 228). It is
necessary to admit the unisexual nature of the species™.

Genus OrrHOCIDARIS, Cottean, 1862, Pal. Frang., Terr. Crét.
vol. vii. p. 364.

Syn. Hypodiadema, Desor (pars).

Test moderate and subspherical.

Apical system flush, pentagonal, small.

Ambulacra narrow, straight ; interporiferous area with small
granules, which may have mamelons, placed in several rows and
without order ; pairs of pores in simple straight series, the pores
separated by a granule, in low primary plates.

Interradia very broad, plates numerous; primary tubercles very
small, perforate and plain, distant, occupying a small portion of
their plates ; the scrobicules small and circular; the miliary areas
large, and the granules with mamelons.

Peristome small, narrow, without branchial incisions; the
interradial lips the largest.

Fossil. Lower Cretaceous: Europe.

* Genus Discocidaris, Doderlein, from Japan, has large outer anal plates and
disciform ends to the primary spines; and it is a Cidaris. Anaulocidaris, Zittel, is
too close to Cidaris to be considered otherwise than a species.

Schicinitzia, Studer, is a Cidaris.

Eocidaris, Keyserl., now appears to have all the requisite structures to classify
it with Cidaris, and thus the genus is carried back in time to the Permian age.

LINN. JOURN.—ZO0OLOGY, VOL. XXIIT. -3
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The next three genera are not satisfactory.

Genus TemNocipARris, Cotteau, 1863, Pal. Frang., Terr. Crét.
vol. vii. p. 855.

Test large, spheroidal.

Apical system large, flush, wider than the peristome.

Ambulacra subflexuous, narrow ; poriferous zones broad, the
pairs of pores in simple series ; interporiferous areas with small
granules placed without order, except a larger row near the
poriferous zone.

Interradia large; tubercles numerous and large, plain and
serobiculate ; miliary arveas large and minutely granular, marked
with linear depressions.

Peristome moderate, subecircular. Numerous small shallow
circular pits in the miliary areas and in the interporiferous areas,
but scattered without order, and not in relation with the sutures
or their angles of junction.

Fossil. Cretaceous: Europe.

The pits do not resemble those of the Temnopleuridee; and
there is a suspicion of their post-mortem origin. Certainly the
test, apart from the pits, is that of a Cidaris.

Genus PoLycIparts, Quenstedt, 1858, Der Jura, p. 644, tab. 79.

_ fig. 69; 1874, Petr. Deutschl. p. 216, tab. 69. figs. 10-12.

Zittel, 1879, Paleont. Bd. i. Lief. iii. p. 496.

Coronal plates low, broad, numerous in the broad interradia
(9-15), two vertical rows of primary tubercles which are per-
forate and crenulate, and with serobicules which run the one
into the other vertically. Median interradial area smooth,
between broad angular zones.

Ambulacra very narrow, straight; pairs of pores in simple
series ; pores separated by a nodule; interporiferous areas with
two vertical rows of very small and numerous tubercles or
granules.

Fossil. Oolite : Europe.*

* Leptocidaris, Quenst., 1858, pl. 90. fig. 10; 1874, Petr. Deutschl. p. 232,
tab. 69. figs. 71-71y. This name was given to a fragment in which the coronal
plates are numerous and low, and the pairs of pores are in simple series.

In Quenstedt’s last work, 1874, the anatomy of an ambulacral plate is given,
and it is not that of a Cidarid. The genus is placed after the Hemicidaride,
p. 95.



GENERA AND GROUPS OF THE ECHINOIDEA. 35

Family CIDARIDA.
Section I1.

The ambulacral pairs of pores biserial.

Genus Drerociparis, Desor, 1854-58, Synopsis, pp. 45 & 439.
Cotteau, 1862, Rev. et Mag. Zool. vol. xiv. p. 185, pl. 10.

Test large, spheroidal, wider than high.

Apical system large, solid, pentagonal, flush.

Ambulacra narrow, straight; poriferous zone as broad as the
interporiferous area ; pairs of pores very numerous, close, biserial,
alternating more or less, placed in low primary plates which
are single actinally, and which form compound plates elsewhere,
these being double or triple combinations of low primary plates.
Interporiferous area mnarrow, with two vertical rows of large
granules with mamelons and a narrow, bare median space.

Interradia broad ; plates few, high, 7-8 ; two vertical rows of
large, perforate, scrobiculate, primary tubercles, which may or
may not be crenulated, in each area; miliary zones large, with
scattered granules.

Peristome narrow, with narrow ambulacral lips; branchial
incisions absent. Jawsstrong; the foramen of the pyramid small
or absent. Perignathic girdle with interradial ridges only, and
they are notched and bilobed.

Spines long, thick, cylindrical, granular, and pustulate in longi-
tudinal ridges.

Fossil. Oolite: England ?; Europe ; N. Africa.

The next genus is placed here provisionally ; it has four coronal
interradial plates in each interradium, but not in every part of
the areas; and the nature of the peristome is unknown in the
species. The shape and the construction of the ambulacra are
very remarkable; and it must be remembered that A. Agassiz
found divisions in the interradial plates of Astropyga radiato
(‘ Challenger’ Echini, pl. x . fig. 9, 1881).

Gtenus TerrACIDARIS, Cotteaw, 1872, Rev. et Mag. de Zool. sér. 2,
vol. xxiii. p. 445, pl. 29.
Test large, circular in equatorial outline, tumid, broader than
high; depressed, spheroidal.
3%
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Apical system central, large.

Ambulacra straight, moderately broad; poriferous zones de-
pressed, pairs incompletely biserial; plates low, primaries nu-
merous. Interporiferous area narrow, granular, and with a
vertical row of small plain tubercles, placed near each poriferous
zone.

Interradia with numerous very large crenulate and perforate
primary tubercles, in scrobicules, separated by a narrow median
zone with few miliaries ; there are four vertical rows of tubercle-
bearing plates as far as the ambitus, diminishing thence to

the apex by two. The plates are numerous, in vertical sue-
cession (16).

Peristome ?

Spines narrow, elongate, subeylindrical, keeled.

Fossil. Cretaceous : Europe.

This is a very suggestive, but at the same time, on account of
the defective anatomical details, a most unsatisfactory genus.

The resemblance to Astropyga and the very non-Cidaridean
characters of the ambulacra render the classification merely
provisional. (See Astropyga, p. 78.)

Order II. DIADEMATOIDA (p. 24).

It is impossible to proceed with the classification of the next
important group of genera of this Order without some remarks
concerning the anatomical characters of the Streptosomata and
the method of classifying the Family Diadematide of the Stereo-
somata. The late Dr. 8. P. Woodward described a flexible
Echinoid from the Chalk in 18683, and the knowledge regarding the
recent forms commenced with Grube, who described Asthenosoma
in 1868. Then the dredgings of H.M.S. ¢ Porcupine ’ revealed to
the late Sir Wy. Thomson the extraordinary spectacle of a panting,
plate-moving form, which he called Calveria. The descriptions
of the species, which turned out to belong to Asthenosoma, were
published in the Phil. Trans. 1874, and illustrated. The impor-
tance of the “imbrication” of the plates was inculcated, and the
bearing of this structure upon the classification of the Family, and
upon the possible alliances with the Perischoechinide, was rather
overstrained. Unfortunately the very arduous life and necessary
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absence from England of Sir Wy. Thomson prevented him from
giving more time to the study of the specimens, so that some
errors were published. It is evident, however, that the mistake
made about the direction of the imbrication of the plates in ¢ The
Depths of the Sea’ was corrected in the Phil. Trans. 1874. But
the description and drawing of the continuation of interradial
overlapping plates beyond the peristome to the true mouth were
unfortunate and so was the failure to recognize the external
branchiz. Some of the internal structures were described, such
as the series of longitudinal muscles running up the sides of
the ambulacra, and having to do with the positive motions of
the plates one over the other; but, incomprehensibly enough,
the huge internal branchiz were not recognized, and their dis-
covery has fallen to the Drs. Sarasin in 1888! A. Agassiz, in his
Report on the Challenger Echini, 1881, considered the question
of the amount of the imbrication of the plates of the Echino-
thuride—its cause, nature, and its relation to bevelling in thicker
Palzechinoidea. These phenomena were exhaustively and most
judiciously explained.

Nothing ean be more definite than the description of A. Agassiz
of the construction of the test of Asthenosoma pellucidum, A. Ag.
He remarks that the test is remarkably thin, and that even in a test
of the diameter of 64 millim. the plates do not give the test any
degree of solidity. The examination of a specimen of Phormo-
some luculentum, A. Ag., in the British Museum proves the com-
paratively large size of some of the interradial plates, but they are
excessively thin, consist of very open reticulate carbonate of lime,
and they thin off at the edges, the caleareous structure being lost
in the membranous part of the plate. This membranous part is
continuous between plates, and the soft edge of one plate merges
into the corresponding membranous part of the neighbouring
plate.

In Asthenosoma coriaceum, A. Ag. (‘Challenger’ Report,
pl. xvil. a. figs. 5-7), the amount of soft interplate tissue is con-
siderable; in some places the plates show an extremely small
calcareous part, and the excess of soft tissue is great. The semi-
transparency of some species, when kept in alcohol, is remarkable,
and the caleareous part of the plates is seen to be surrounded by
a greater or less amount of soft movable, but probably not
extensible, connective tissue—that is, of uncalcified plate-area.
The flexibility of such tests is considerable in large parts of them,
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and it is of course less when the pressure is localized ; they may
be bent inwards and swell out elsewhere correspondingly. During
life, movements of the test occur, and it is doubtless due to the
contraction and dilatation of the internal longitudinal muscles,
noticed and drawn by Wy. Thomson, and so well described and
drawn by the Drs. Sarasin, as well as to gravitation. During
this contraction and also after death the edges of the plates,
especially the transverse edges, are approximated and slip over
or under each other as the case may be. Nothing can be clearer
than the drawings of A. Agassiz in regard to Phormosoma tenue
(‘ Challenger’ Report, p. 93, pl. xviii. a. figs. 1-18). The whole of
the transverse edge of a plate overlaps that of its fellow in suc-
cession. The fig. 4 has no overlap of edge, fig. 5 has it slightly,
but not figs. 2, 7,8. The amount of overriding is small, and is
assisted to a small degree by the thinning of the edges of all the
plates, but there is no such thing as a bevelled thick edge.

In the drawing given by Sir Wy. Thomson (op. ciz. 1874, pl. Ixv.
fig. 2), which shows the inner part of a test of Asthenosoma below
the ambitus, the pairs of pores situated in the transverse sutural
spaces are not forced out of their direction ; hence the overriding
must be very slight there. There is, on the other hand, definite
but limited overlap of the interradial plates. The amount of
interplate membrane varies in the species of Phormosoma, and it
is less on the whole than in those of Asthenosoma, and yet the
amount of overlap is only partial in this genus. The species
Phormosoma rigidwm, A. Ag., has a significant name, and it is
evident that the interplate membranes are reduced to their
utmost ; there is mo appreciable space between the plates in the
drawing (Report on the ¢ Challenger ’ Echini, pl. xii. a. figs. 1-4,
p. 104) ; all the other generic characters are present, but this is
not a flexible and *panting” form, and has most significant
alliances with the Diadematide.

The pistol-shaped outlined plates of Asthenosoma do not imbri-
cate on most of their transverse edges, but the overlap is perfect
at the median line of both areas, and a flap of plate must be more
or less permanently overlapped or underlapped by another there.
The ambulacral plates within the peristome, clearly overlap,
and in order that the movement shall be uncontrolled there, the
tentacles are associated with pores which are seen upon the plates
themselves, and they are not upon the interplate structure.

In both genera of recent Echinothuride a special character
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is the imperfect calcification of plate areas; the plates are
therefore surrounded by soft tissue, and that of one plate is con-
tinuous with those of its neighbours, without close suturing.

It must be admitted that the overlap in Astropyge is rather an
overstrained analogue of that which occurs in Astkenosoma ; it is
slight and persistent in Astropyge, and there is no movable soft
tissue between the plates.

The interesting work of the Drs. Sarasin upon Astkenosoma
shows that the longitudinal internal muscles have to do with
the movements of the plates. The same authors discovered
five large tubular branchie (Stewart’s organs), passing out below
the “ compasses ” and occupying much vertical space in the am-
bulacral areas, so that an exaggerated condition of what was
formerly considered peculiar to the Cidaride prevails. The outer
branchie were well drawn by A. Agassiz. The jaws and teeth
resemble those of Cidaris, but the perignathic girdle has ambu-
lacral processes, besides ridges upon the interradia. The want of
interradial peristomial membrane plates is another important
character which separates the genera from Cidaris; and the
ambulacral plates differ entirely in their method of construction
from those of that genus, and approach those of the Diadematidz
very slightly. The construction of the apical system is almost
anomalous.

It is certainly not correct to state that the alliance of the Echi-
nothuride is close with the Palmechinoidea, for there is but
slight resemblance between the thick-plated forms of Archao-
cidaridee and the group now under consideration. Even those
genera of the Perischoechinoidea with bevelled plates which
are all thicker than those of the Echinothuridz, show no evidence
of defective calcification nor of the presence of interplate, movable
membrane, and the structural characters of Asthenosoma, for
instance, arve scarcely recognized. A. Agassiz has shown that
considerable bevelling occurs in some thick-plated spherical
Mesozoic and recent Echinoidea, and it does not appear to have
been accompanied by movement and flexibility. Pelanechinus of
the Oolites is the earliest known Echinothurid, and it is more
Diadematoid than its successors.

During the Oolitic age there was evidently much variability
in the structures of the ambulacra of the original Diadematidz,
and the entrance of the radial plates within the periproctal ring
was not uncommon. It appears more reasonable to place the
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Echinothuridz near the Diadematidee, granting some atavism,
than to station them at the end of the Palgechinoidea; the
alliance is with the first group, and the descent was probably not
through the line of Cidaride and Saleniidz.

The presence of rudimentary internal branchiz in Diadema,
according to Ludwig and the Sarasins, is another link with the
Diadematidee. It is proposed to place the Echinothuride in
a suborder of the Gmnathostomes with external branchiw, the
Streptosomata.

‘With regard to the Family Diadematide and its 36 fairly-
defined groups, it may be said that the artificial method of classi-
fying with the aid of crenulation and non-crenulation of tubercles
gives way to the natural method in which the structure of the
ambulacral plates is of primary taxonomic importance. Six
former genera become subgenera, and the recognized genera are
grouped in 4 very useful Subfamilies (p. 59).

L. Suborder Streptosomata (p. 25).

Family EcaivoraURIDE, Wy. Thomson, 1873, Depths of the
Sea, p. 164 ; 1874, Phil. Trans. Roy. Soc. vol. clxiv. pt. 2,
p. 780, A. Agassiz, 1881, Report on ¢ Challenger’ Echini,
p. 71. Ludwig, 1880, Zeitschr. fiir wiss. Zool. vol. xxxiv.
P. & F. Sarasin, 1888, Hrgebn. Naturw. Forsch. auf Ceylon,
Bd. i. Heft 8, p. 129.

Moderate to very large, tumid or very depressed, thin, flexible
tests. The apical system with the plates usually separated.
Coronal plates with membranous edges, with imperfect develop-
ment of the calcareous element, which is highly and openly reti-
culate and usually thin. Ambulacral plates simple or compound,
with small plates intercalated in the membranous areas, and
tentacle-bearing, simple, low, perforated plates, within the peri-
stome, imbricating adorally. Tentacles triserial and heteropodous.
Interradial plates variable in shape, variably overlapping and
in the opposite direction to the ambulacral plates. External
branchie small, internal very large. Spheridia may be present.
A series of internal longitudinal muscles. Jaws with a small
foramen without epiphyses, teeth grooved; perignathic girdle
continuous. Spines short, may be sheathed and capped or not
at the end, hollow and largely cellular within and with solid wedges
externally. Epistromal structures often highly developed.
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Subfamily Pelanechinine.

Syn. Pelanechinide, Groom, 1887, Quart. Journ. Geol. Soc.
vol. xliii. p. 708.

The ambulacral plates compound above the peristome, those
near the apex consisting of an adoral primary and six aboral
demi-plates ; plates near the ambitus large and pentagonal, with
the pairs of pores triserial (in three ranks), the demi-plates remotest
from the ambulacro-interradial suture, isolated.

Genus Pelanechinus.

Subfamily Hehinothurine.

Ambulacral plates above the peristome; abactinally with a
single large primary associated with two small demi-plates, which
are placed in the transverse memhbranous areas; actinally with
a primary plate associated with one or usually two demi-plates,
which are situated in or near the ambulacro-interradial sutural
line, or remote and isolated, or arrangement confused. Pairs
of pores triserial. Plates within the peristome low primaries,
each with a pair of pores.

Genus Echinothuria.
' Phormosoma.
Asthenosoma.

Subfamily Pelanechinine (supra).

Genus PeranecmINus, Keeping, 1878, Quart. Journ. Geol. Soc.
vol. xxxiv. p. 924. Groom, 1887, 4bid. vol. xliii. p. 703.
(Adapted.)

Test large, circular, tumid, depressed, thin, flexible. Apical
system wanting.

Ambulacra less than half the width of an interradium, still
broad at the peristome, beyond which they are continued.
Apically the plates are composed of an adoral primary and two
aboral demi-plates, and at the ambitus there are nine components,
three of which are primaries, some demi-plates isolated ; through-
out the poriferous zones to the peristome, the pairs of pores are
triserial ; beyond the peristome the ambulacral plates are simple,
broad, and perforated, the pair of pores in each oblique. A vertical
row of plain primary perforated tubercles on either side of the
median ambulacral suture.
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Interradia with numerous coronal plates which are low, broad,
and imbricating more or less, and with four vertical rows of plain
primary tubercles at the ambitus, resembling those of the ambu-
lacra, and diminishing innumber and size actinally and abactinally,
some secondary tubercles.

Peristome large ; branchial notches deep. Jaws powerful, with
grooved teeth. Spines small, hollow, longitudinally striated.
Pedicellarizz small, tridactyle around the peristome, gemmiform
orally, large tridactyle aborally.

Fossil. Oolite: England.

The above generic definition has been taken mainly from Mr.
Groom’s admirable description of the solitary species.

Subfamily Echinothurine (p. 41).

Genus EcHINOTHEURIA, 8. P. Woodward, 1863, Geologist, vol. vi.
pp. 827-830. Wright, 1870, Pal. Soc., Brit. Koss. Ech. Cret.
Form. p. 124.

Test large, plates imbricating, in both areas and in opposite
directions. Apical system wanting.

Ambulacra wide at the ambitus, narrower towards the peri-
stome ; plates rather high; complete overlap of the adoral edge
of one plate upon the corresponding aboral edge of the actinally
placed plate, no space left; overlap of the outer edges of the
plates by the interradial plate edges. A pair of pores in a primary
plate and two pairs in small demi-plates in the position of the
adoral suture. Buccal plates imbricating and perforated, ambu-
lacral only. Tubercles small and scanty.

Interradia with larger plates, each in contact throughout its
breadth with the plate above and actinally, and overlapping in the
contrary direction to the ambulacral plates. Tubercles rare, not
large, perforated, the same actinally as dorsally. Spines cylin-
drical, striated, with a milled ring. Jaws stout. Ornamentation
scanty, and similar actinally and dorsally.

Fossil. Upper Cretaceous: England.

Genus Prormosoma, Wy. Thomson, 1873, Phil. Trans. Roy. Soc.
vol. clxiv. pt.2, p. 782 (1874). A. Agassiz, 1881, Report on
¢ Challenger’ Echini, p. 91 ; Report on ¢ Blake’ Exped. Eching,
1883, p. 35.

Test small to large, thin, more or less flexible, tumid or
depressed dorsally, flat actinally, circular or polygonal in ambital
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outline ; the structures of the abactinal and actinal surfaces
differing. Plates numerous, thin, and surrounded by membrane,
imbricating more or less.

Apical system star-shaped, large ; plates united by membrane ;
basals projecting into the interradial median line, separated from
the radials by periproctal plates and membrane ; madreporite
large. Periproct with small spine-bearing plates.

Ambulacra straight, broad; plates low abactinally, high and
complicated actinally; a pair of pores in each plate, and a pair
in each of the two small accessory plates along the adoral or the
ambulacro-interradial suture ; buccal plates continuous with those
of the ambulacra, low, broad, pore-penetrated, overlapping.
Primary tubercles of the interporiferous areas few, small, larger
at the margin, more numerous actinally, perforate, scrobiculate ;
plates with granules.

Interradia with numerous low and broad plates, partly butbroadly
overlapping from below upwards, or connected all along the
transverse sutures by membrane. Tubercles larger than in the
ambulacra, smaller and most numerous actinally.

Peristome moderate, branchial incisions small, external branchize
distinct. Perignathic girdle slender. Spines short, longest and
most numerous actinally, where some are capped witha hoof-shaped
process, others club-shaped or like long and short needles, striated
and cylindrical in section, may be sheathed. Pedicellarize some
long and blunt-headed, others with very open valves, and many
tridactyle and blunt-headed. Actinal tentacles disciferous, and
the abactinal are pointed and branchial.

The plates, especially of the ambulacra, often seem to be split up
in a remarkable manner. Spheridia may exist.

Recent. N. Atlantic to Azores; Caribbean Sea, and to the
N., Japan, Philippines, Sandwich Islands, Low Archipelago,
E. Pacific, Australia, Juan Fernandez to Chili. 120 to 2750
fathoms.

Genus ASTHENOSOMA, Grube, 1868, Jahresb. d. Schles. Ges. f.
Vaterl. Cult. p. 42. A. Agassiz, 1872, Revision,p.272; Ech.
of ¢ Blake’ Exped. 1883, p.29. Ludwig, 1880, Zeits. f. wiss.
Zool. vol. xxxiv. P. & F. Sarasin, 1888, Erg. Nat. For. auf
Ceylon, Bd. i. Heft 3, p. 129.

Syn. Calveria, Wy. Thomson, 1873, Phil. Trans. Roy. Soc.

vol. clxiv. pt. 2, p. 737.
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Test moderate to very large, tumid at the circular or slightly
polygonal ambitus, swollen, subhemispherical or depressed abac-
tinally, flat actinally; more or less flexible. The calcareous
deposits of the plates limited, the edges of the plates membranous.

Apical system central, polygonal, projecting ; the plates sepa-
rated by membrane, and some anal plates intervening between
the basal and radial plates. Periproct small; anus projecting.

Ambulacra straight, broad at the ambitus; plates very numerous
and much bent vertically, overlapping from above actinally, and
overlapped by the ends of the interradial plates; a pair of pores
in each plate, and two small plates in the adoral sutural membrane,
each with a pair of pores. Plates continued from the peristomial
edge to the mouth, imbricating, each plate broad, low, and pore-
pierced. Small primary perforate, non-crenulate, areolated
primary tubercles, in two or more vertical rows.

Interradia with numerousbroad,low, pistol-shaped plates, united
by membrane along the transverse edges, and expanded and over-
lapping at the median line; overlap in the opposite direction to
that of the ambulacra; two or more vertical rows of primary
tubercles resembling those of the ambulacra.

Peristome with small branchial incisions; internal branchise
very large and five in number, the external branchiz small;
lower tentacles with prehemnsile discs, the abactinal pointed and
branchial. Perignathic girdle weak, but with a decided arch
between continuous processes.

Jaws with a small foramen ; teeth grooved. Spines delicate, hol-
low, fenestrated, longitudinally striated and ridged, variable in
length, but never very long; the secondary spines small, sharp
and numerous, pointed, some sheathed. Pedicellarize numerous,
various, tridactyle, four-valved, some sharp and others blunt-
ended.

Recent. N. Atlantic to coast of Portugal, Florida, Caribbean
Sea, China Seas, Java, Philippines, Indian Archipelago, Ceylon,
Fiji, New Zealand. From 100 to 450 fathoms.
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II1.

The Suborder Stereosomata and its Families. The Family Saleniide and its
Clenera. Family Hemicidaride and its Genera. Family Diadematidee; its
Subfamilies and Ctenera, Grenus incertee sedis. Family Cyphosomidae and
Genera. Family Arbaciide and Genera. Family Temnopleuride; Subfamilies
and Genera.

II. ORDER.

I1. Suborder Stereosomata (p. 25).
[. Family SALENIIDE.
L. HeMicipARID &.
L., ASPIDODIADEMATID E.
v. DiADEMATID &.
V. CYPHOSOMIDZA.
VI ARBACIIDZ.
VIL. ,, TEMNOPLEURID .
viiL. ECHINOMETRIDE,
X, EcuiNip .

1. Family SALEN11D &, Duncan and Sladen, 1887, Ann.§ May.
Nat. Hist. ser. 5, vol. xix. p. 117.

Regular ectobranchiate gnathostomes, with a persistent dorso-
central plate or plates; madreporite in the right anterior basal
plate. Ambulacra narrow, the plates numerous, simple low
primaries, rarely in compound plates actinally. Interradial plates
few and tubercles large. Peristome with branchial incisions and
external branchiz. Perignathic girdle with interradial ridges and
ambulacral processes united or not. Jaws with the foramina of the
pyramids unarched by epiphyses; teeth with a keel. Spheridia
present. Spines very variable, cellular with a solid superficies.

Division I.
Genus Peltastes.
Syn. Hyposalenia ; Pseudosalenia; Poropeltis.
Subgenus Goniophorus.
Genus Salenia.
Subgenus Heterosalenia.
Division IL.
Genus Acrosalenia.

Division L.
Ambulacral plates simple.

Genus Prrrastes, Adgassiz, 1838, Monogr. & Eeh. viv. et foss.
live. i p. 27, pl. v. (non Desor, 1858, Synopsis, p. 145).
Duncan & Sladen, 1887, Ann. & Mag. Nat. Hist. ser. 5,
vol. xix. pp. 129-132. (dmended.) '
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Syn. Pseudosalenia, Cotteau, 1859, Rev. et Mag. de Zool.
vol. xi. sér. 2, p. 215. Hyposalenia, Desor, 1858, Synopsis,
p- 147. Poropeltis, Quenst., 1858 and 1872-5, Petr. Deutschl.
tab. 69.

Test small, circular in outline, tumid at the ambitus, depressed
and slightly tumid abactinally, or tall, and with a part of the
apical system projecting, actinally rather flatly curved.

Apical system large, raised slightly, and part of it usually pro-
jecting, with large basals and small radials ; a small dorso-central
plate, in the long axis of the system, united to the lateral basals,
but not touching the posterior basal ; incurved posteriorly for the
anterior margin of the anus. Radials large, not within the ring.
Periproct posterior and bounded in front by the dorso-central
plate, and posteriorly and laterally by the basals 4,5, and 1. The
sutures of the disk often grooved, marked with depressions and
the prolongation of the ornamentation of the basal and dorso-
central plates; these plates have grooves and eminences often
radiate in arrangement, margins of the basals often variously
curved and notched.

Ambulacra narrow, straight or slightly flexuous, with small
primary tubercles near the poriferous zone ; plates low primaries
only. Interradia with large primary tubercles diminishing in
size above and below the ambitus, crenulate or not and imper-
forate.

Peristome small, rather reentering, slightly incised. Peri-
gnathic girdle with low broad ridges and slender unarched pro-
cesses.

Fossil. Cretaceous : England. Upper Jurassic and Cretaceous :
Europe. Cretaceous : N. Africa. ‘

Subgenus GoxtorHORUS (genus), dgassiz, 1838, Monogr. & Eeh.
viv. et foss. livr. i. p. 80. Cotteau, 1861, Bull. Soc. Géol.
France, sér. 2, vol. xviil. p. 624. Duncan and Sladen, 1887,
Ann. & Mag. Nat. Hist. vol. xix. pp. 131-132.

Test small, swollen, subspheroidal, with large peristome, few
interradial primaries, upon high plates. Apical disk pentagonal,
with five large basals and five small radials, ornamented with
linear, raised and straight keels which are not on the lines of the
sutures ; dorso-central plate large, the periproct posterior to it
and elongate transversely. Pits for spheridia large in the
narrow ambulacra actinally.

Fossil. Upper Greensand: England, Europe, N. Africa.
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Genus SALENIA, Gray, 1835, Proc. Zool. Soc. Lond. pt. 8, p. 58.
L. Agassiz, 1838, Mon0g7 & Ech. viv. & Joss. live. 1. p. 6.
A. Agassiz, 1874, Revision of the Echini, p. 258 ; 18883, Blake,
Ech. p. 18.  Duncan & Sladen, 1887, Ann. & Mag. Nat.
Hist. ser. 5,vol. xix. p. 132. (Amended.)

Test small, subglobose or depressed. Apical system larger
than the peristome, more or less raised. The dorso-central plate
more or less geometrical, imperfect, and eroded at the right pos-
terior angle by the periproctal ring, in contact with all the basals.
Apical plates ornamented with radiating grooves and ridges.
Radial plates large, with the pore in the adoral edge, one plate
may or may not enter the periproctal ring. Periproct large, with
a plated membrane pierced by the anal opening.

Ambulacra narrow, with two rows of small primary tubercles
and granules; plates all simple primaries, crowding rare near the
peristome. Pairs of pores in simple vertical series; tentacles
sub-homoiopodous. Interradia with large primaries. Tubercles
of both areas crenulate, or some plain, and imperforate.

Peristome with cuts for the external branchie, with a mem-
brane plated or not. Perignathic girdle with broad ridges and
slender ununited processes; jaws with the foramen of the pyra-
mid small, unarched ; teeth with a keel. Spines of primaries
long, slender, variable in ornamentation ; small spines club-and
wedge-shaped and flat. Pedicellariz of the three kinds; epistroma,
often much developed. Spheridia exist.

Fossil. Cretaceous: England, Burope, Asia, North and West
Africa. Eocene: Europe, Asia. Miocene : Australia.

Recent. Caribbean Sea, both of the great Oceans, Japanese
Sea. Depth from 60 to 1700 fathoms.

Subgenus HETEROSALENIA (genus), Cotteau, 1861, Pal. Frang.,
Terr. COrét. p. 96, pl. 1022.  Duncan & Sladen, 1887, Ann.
& Mag. Nat. Hist. ser. 5, vol. xix. p. 132,

The primary tubercles are perforated.
Fossil. Cretaceous : Europe.

Division I1.

In the second division of the genera of the Family the ambu-
lacral plates are compound at a short distance from the apical
system, and the pairs of pores are crowded near the peristome.
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Grenus ACROSALENTA, Agassiz, 1840, Teh. JSoss. de la Suisse, pt. 2,
p- 88. Duncan § Sladen, 1887, Ann. & Mag. Nat. Hist.

ser. 5, vol. xix. p. 128.

Test moderate in size, depressed, tumid at the circular and
rarely pentagonal ambitus, rounded above, flatter actinally.

Apical system rather large, four anterior basals large, and the
posterior smallest and differing in shape. A dorso-central plate
in the antero-posterior axis of the system, in contaet with the four
larger basals and anterior to the periproct. Supplementary plates
to the dorso-central may occur. Posterior radial plates enter
the ring of the periproct, ravely a radial separating the antero-
lateral and postero-lateral basals. Periproct large and posterior.

Ambulacra narrow, with primary plates near the apical system
and with compound plates near the ambitus and actinally. Com-
pound plates of united primaries with rare demi-plates, except
near the peristome. Pairs crowded and biserial near the peristome,
from the presence of demi-plates. Tubercles of the interradia
largest, perforate and crenulate ; those of the ambulacra much
smaller, or only as large granules.

Perisiome large, decagonal, with well-developed branchial
grooves with raised edges. Perignathic girdle with low ridges
and slender processes sometimes uniting. Spines large and small,
the former striated longitudinally, or plain, and often not quite
circular in transverse section ; smaller spines striated.

Fossil. Lias and Oolites: England and Europe. Lower Creta-

ceous: N. Africa.

II. Family HEMICIDARIDE, Wright, 1857, Pal. Soc., Ech.
Ool. Form. p. 68. (Amended.)

Regular ectobranchiate gnathostomes with the test thick, more
or less spheroidal, depressed or tall or subconical. Ambulacra
increasing in width actinally ; primary tubercles well developed,
but smaller than those of the interradia, extending or not through-
out in two vertical rows ; pairs of pores in arcs actinally where
the plates are compound. Interradia large, plates few ; tubercles
very large at the ambitus, variously sized actinally and dorsally,
and may be obsolete there. Scrobicules often coalescing. Peri-
stome decagonal, ambulacral lips large, branchial incisions well
developed. Perignathic girdle with interradial ridges and united
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ambulacral processes. Jaws large, foramen large, without epi-
physes ; teeth grooved. Spines often large, variable, and usually
solid. -

Genus Hemicidaris.
Subgenus Hemidiadema.
s Hypodiadema.
s Pseudocidaris.
,  Asterocidaris.
Genus Acrocidaris.
Subgenus Acropeltis.
Genus Goniopygus.
»  Circopeltis.
s Cidaropsis.
»  Glypticus.
Genus incerte sedis : Leptocidaris, Quenst.

Genus HemIcIDARTS, dgassiz, 1840, Ech. Foss. de la Suisse, pt. ii.
p- 42.  Desor, 1858, Synopsis, p. 50. Duncan, 1885, Quart.
Journ. Geol. Soc. vol. xli. p. 436. (Amended.)

Syn. Tiaris, Quenst. ; Hemipygqus, Etallon (immature).

Test of moderate size, spheroidal, tall, tumid at and above the
ambitus, flattish and often broadest actinally.

Apical system small, either with large united basal plates (or
some or all radial plates enter the periproctal ring *).

Ambulacra narrow, enlarging near the ambitus, projecting or
not ; the plates a multitude of small low primaries near the apical
system, succeeded by compound plates which may be formed by
two to four constituents, their arrangement partly “Diadem-
atoid,” but with additional primary or demi-plates, placed abac-
tinally to the large tuberculous primary plate. Pairs of pores
simple abactinally, in arcs near the large tubercles, and crowded
near the peristome. Tubercles in two vertical rows, perforate
and crenulate, large to varying distances above the ambitus, '
and then diminishing in size or replaced by granules.

Interradia broad, with but few high coronal plates, with two
vertical rows of large, projecting, perforate and crenulated primary
tubercles, larger than those of the ambulacra. Scrobicules usually
contiguous and incomplete ; secondary tubercles and granules.

Peristome large and the branchial incisions well developed.
Pyramids of the jaws with a large incomplete foramen ; teeth

* Very rare, or probably in subgeneric groups only.
LINN. JOURN.—ZOOLOGY, VOL, XXIII. 4
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grooved. Spines large, some needle-shaped, others club-shaped
and longer than the test’s diameter, some knob-ended, others
forked, longitudinally striated, some marked across.

Fossil. Zechstein, Alpine Trias, Lias, Oolites, Cretaceous :
Europe. Oolites: England. Jurassie, Tithonian, and Cretaceous:
N. Africa.

This important genus has several fairly well marked subgenera
(formerly genera). It appears that the genus Hemipygus, Etal-
lon, 1850, Etudes Pal. Haut-J ura, suppl p. 4, relates to small,
young, and immature Hemipyge. As is usual in Echinoidea only
4 millim. in height and 8 millim. broad, the apical system is exag-
gerated in size and the genital perforations are variable. It is
placed as a synonym of Hemicidaris.

Subgenus HEMIDIADEMA (genus), Adgassiz, 1840, Ech. Suisse,
pt. il. p. 47. Etallon, 1859, Lethaa Brunt. p- 826.

The tubercles of the ambulacra large and few in number below
the ambitus, alternating distinctly.

Fossil. Oolites and Cretaceous : BEurope.

H. stramonium, Agass., is the type ; but H. rugosum does not
belong to the genus, it is a Glyphocyphus, Haime.

Many of the species of the next subgenus have been determined
from immature specimens; this is especially the case with the
St.-Cassian forms.

Subgenus HyroprapEMA (genus), Desor, 1858 (pars), Synopsis,
p- 61. Laube, 1865, Denks. Akad. Wiss. Wien, vol. xv.
p-295. Zistel, 1879, Handb. d. Pal. p. 501.

Ambulacra narrow, straight, with two rows of small, crenulate,
perforate primaries (?), nearly maintaining their size throughout,
diminishing but slightly abactinally. Interradia with large primary
tubercles, in two vertical rows extending to the apex; plates
granular beyond the scrobicules,

Peristome and the branchial incisions small. Spines cylindrical
and smooth.

Fossil. Oolite : England ? Trias, Oolites, and Cretaceous :
EBurope.

The Cretaceous species have variable branchial incisions, and in
oue the primary interradial tubercles do not reach the apex.
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Subgenus PSEUDOCIDAKTS, Etallon (genus), 1859, Lethea Brunt.
p. 333.  Cotteau, 1882, Bull. Soc. Zool. de France, vol. vii.
p- 1. De Loriol, 1887, Rec. Zool. Suisse, vol. iv. p. 336,
pl. xv. figs. 2-3.”

Ambulacra very undulating abactinally, narrow, with primary
tubercles only mnear the peristome, granules elsewhere. Inter-
radia broad, with few coronal plates, and two vertical rows of
large primary tubercles, distant. Spineslarge, massive, cylindroid
or fusiform, or pear-shaped, striated longitudinally or granular.

Fossil. Oolite and Cretaceous : Europe, N. Africa, Mexico.

The genus Asterocidaris, Cotteau, 1859, has all the characters
of Hemicidaris, and it appears that the existence of star-shaped
or triangular bare spaces in the median interradial areas mnear
the projecting basal plates is not of genericimporiance. Astero-
cidaris should be placed as a subgenus of Hemicidaris, with the

following characters :—

Subgenus AstEROCIDARIS, Cotfean, 1859 (genus), Rev. et Mag. de
Zool. sér. 2, vol. xi. p. 159.

Apical system large, with basal plates projecting adorally into
a bare median interradial space ; interradial plates ten or less in
number in each vertical series.

Fossil. Europe.

Genus AcrocIDARIS, Agassiz, 1840, Ech. Foss. de la Suisse, pt. ii.
p. 10.  Desor, 1858, Synopsis, p. 83.

Test large, tumid at the ambitus, and subconical or spheroidal
dorsally, flat actinally.

Apical system small, some or all of the basal plates with a
large perforate tubercle, the madreporite large. Periproct large.

Ambulacra straight, broad at the ambitus, with two vertical
rows of large perforated primary tubercles, slightly smaller than
those of the interradia, and extending to the apex ; pairs of pores
uniserial and in simple series near the apex, in ares of from four
to seven pairs near the larger tubercles, crowded and polyserial
actinally ; plates “ diadematoid,” with some additional components;
sutural lines as grooves on the flanks of the tubercles.

Interradia with two vertical rows of large primary tubercles,

only the largest being perforate and crenulated.
4%
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Peristome large, branchial incisions well developed. Spines
cylindrical, smooth or finely striated, often tricarinate at the top.
Fossil. Oolitic: Europe and N. Africa. Cretaceous: Europe.

Subgenus AcCROPELTIS, Agass. (genus), 1840, Catal. Syst. Ectyp.
p- 19; Ech. Foss. de la Suisse, pt. ii. p. 27.

The primary tubercles of all the areas are imperforate and
uncrenulate ; the largest tubercles are actinal.

Fossil. Oolite: Europe.

The type of A. concinna, Merian, figured by Cotteau, 1861,
Rev. et Mag. de Zool. vol. xiii. p. 76, is immature, it being only
1 millim. high and 2 millim. broad. Hence the large dorso-central
system.

Genus Gonioryaus, dgass. 1838, Monogr. & Ech. viv. et Joss
live. i. p. 19. De Loriol, 1887, Faune Crét. du Portug., Ech.
fase. i. p. 55.

Test small, depressed, hemispherical dorsally, circular in out-
line at the tumid ambitus, broader than high.

Apical system large and stout, the prominent basal plates
close, polygonal, and angular adorally or almost square ; sutures
dentated, perforated, or otherwise ornamented ; periproctal
edges in ridges and notched; periproct small, triangular or
square, and may be circular in outline; radial plates remote
from the periproct, pentagonal and wide actinally, variously
ornamented.

Ambulacra narrow, with two vertical rows of primary plain
tubercles, smaller than those of the interradia, which are large,
plain, and in two vertical rows. Pairs of pores in simple primary
piates abactinally, but near the tubercles of the actinal surface
the plates are triple compounds, there being an adoral demi-
plate, a median primary, large, and an aboral primary; the
sutures are convex towards the tubercle.

Peristome very large, with small branchial incisions. Spines
small, club-shaped, striated or not.

TFossil. Cretaceous : Europe, N. Africa, Asia. Eocene:
Europe. ' ‘
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The genus Circopeltis originated with M. Pomel, 1883, but his
definition was not a positive one; he compared it with Leiosoma.
M. de Loriol has, however, shown that the genus is not related
to Leiosoma but to Goniopygus.

Genus Crrcoprrris, Pomel, 1883, Théses Class. Méthod. Ech.
(diger), p. 89. De Loriol, 1887, Faun. Crét. du Portug.,
Ech. fase. i. p. 55, pl. ix. fig. 7.

Test small, subhemispherical, depressed dorsally, flat actinally.
Interradial plates few (8-9).

Apical system solid, with or without radial plates entering the
periproctal ring ; periproct large and subeircular.

Ambulacra straight, expanding near the large tubercles, broad
at the peristome, the interporiferous area with primary tubereles
in two vertical rows, large at the ambitus, and smaller actinally,
and smallest and distant abactinally, all are plain; poriferous
zones with uniserial pairs of pores abactinally, in slight arcs near
the large tubercles, and shghtly crowded actinally ; plates low,
broad, simple primaries abactinally, compound at the ambitus and
actinally, the adoral component a demi-plate and its pair of pores
much nearer the median line than the other pairs, excluded from
the ambulacro-interradial suture. The other components long;
low primaries with an occasional demi-plate. :

Interradia with two vertical rows of plain primary tubercles,
largest at the ambitus ; rows of secondary tubercles and granules.

Peristome moderate, with branchial incisions.

Fossil. Cretaceous : Burope, N. Africa (?).

The compound ambulacral plates are not without an affinity
with thdse of the recent dspidodiadema, A. Agass.

Genus Ciparorsis, Cotfeau, 1860 (reference not to be found).
1882, Pal. Frang., Terr. Jura, livr. Ivi. p. 433, pls. 876, 877.

Test moderate and rather small in size, swollen above and
almost flat below, circular in outline at the ambitus.

Apical system solid and moderately developed.

Ambulacra subflexuous abactinally, enlarging at the ambitus,
having small primary tubercles actinally which are smaller than
those of the interradia, perforate and crenulate. Towards the
apex the tubercles are replaced by granules. Poriferous zones
undulating, with simple pores, close, and they multiply near the
peristome.
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Interradia broad, with few plates and two rows of large primary
tubercles, perforate, non-crenulate and distant, with projecting
scrobicules.

Peristome large, subdecagonal, and with large branchial in-
cisions. Periproct subcircular. Spines large and glandiform.

Fossil. BEurope: Jurassic formation.

Cotteau places the genus close to Hemipedina ; but it appears
to be nearer Hemicidaris.

Genus Grypricus, dgassiz, 1840, Hch. Foss. de la Suisse, pt. i,
p- 95.  Desor, 1858, Synopsis, p. 95.  Cotteaw, 1880-85, Pal.
Frang., Ech. Terr. Jura, pl. 418.

Test moderate in size, thick, subhemispherical, flat actinally.

Apical system large, slightly raised, the basals in contact, stout,
sculptured ; the sutures depressed, pitted more or less ; the radial
plates large, between the outer part of basals as broad as they
are, pentagonal, broad and re-enteringly curved adorally. Peri-
proct elliptical, or pentagonal with a raised rim, small.

Ambulacra straight, narrow, except at the peristome, where
the poriferous zones are expanded. Poriferous zones straight,
narrow, sunken ; pairs in compound plates usually triplets, poly-
serial at the peristome; two vertical rows of small, smooth,
primary tubercles, the mamelons confounded with the bosses, im-
perforate and non-crenulate, pass to the apex from the peristome,
close to the poriferous zones; or the tubercles may be replaced
above the ambitus by elongate smooth elevations of the plates
placed irregularly or not. Epistroma much developed.

Interradia with large primaries resembling those of the ambu-
lacra at the ambitus and actinally, but with warty or irregularly
elongate elevations, with or without secondary tubercles, abacti-
nally ; granules and secondary tubercles exist.

Peristome large, decagonal, often deformed and longer in the
antero-posterior direction than across, the branchial incisions
well developed, and a notch at the ambulacral median line also.

Fossil. Oolite : England, Europe, and N. Africa.
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- Incerte sedis.

Genus LepTocIpaRTs, Quenstedt, 1858, Der Jura, pl. 90. fig. 10;
and 1874, Petr. Deutsch. p. 282, tab. 69. figs. 71. °

Test spheroidal ; the ambulacra moderate and straight; the pores
are in arcs of triple pairs, and each compound plate is large, higher
than an interradial plate, and alternately broad and narrow ; small
perforated primary tubercles on alternate plates, or more distant.

The ambulacral plates have each a large adoral primary com-
ponent, which carries the tubercle and a middle and aboral demi-
plate.

Interradial plates low and broad.

Fossil. Jurassic: Europe.

The description is taken from that mine of wealth, Quenstedt’s
Petrefact. Deutschlands, Leipzig, 1874. The type is L. ¢riceps,
Quenst.

In the Report on the Echini of the ¢ Challenger” and ¢ Blake’
Expeditions A. Agassiz described species of Aspidodiadema, a
genus which he defined comparatively rather than positively. He
gave his usuval careful opinions regarding the affinities of the
genus, and noticed how it links together the Cidaridee and Dia-
dematid@. The descriptions of the species and the figures which
illustrate them are so clear and definite that all the taxonomic
difficulties surrounding them are really seized at a glance. A
palzontologist would hardly hesitate to add Hemicidaris to the
list of allied genera; and any naturalist who has studied the
ancient and modern faunas would say that there is a wonderful
union of almost excessive modern characters, and others charac-
teristic of deep-sea dwellers, combined with the Hemicidaridean,
accompanied by a Cidaroid ambulacral structure.

The paucity of interradial plates, each with a large perforate
and crenulate tubercle, associated with branchial peristomial in-
cisions, and withoutimbricating ambulacral and interradial buccal
plates, there being only ten huge simple buccal plates, the am-
bulacral plates being lew simple primaries, with or withoutlarge
primary tubercles, may be said to be a jumble of characters which
will prevent the forms being classified with the families Hemici-
daride and Diadematidee. It is proposed to form a family for
the genus.
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IIT. Family ASPIDODIADEMATIDAE,

Diadematoidea with spheroidal tests, having a large, narrow,
ringed apical system formed by broad basals and broad inter-
vening radial plates; having few interradial plates, each with a
large primary perforate and crenulate tubercle ; straight ambu-
lacra with numerous low primary plates with or without primary
tubercles ; pairs of pores, one in each plate in straight vertical
geries. Peristome incised ; branchiz bifid, and with ten very
large buccal plates; tentacles heteropodous. Spines hollow and
striated, verticillate.

The generic definition given by A. Agassiz of Adspidodiadema
is very comparative, and we therefore venture to give a positive
diagnosis founded upon the study of the species which have been
so admirably described and figured in the Reports on the ¢ Chal-
lenger ’ and ¢ Blake’ Echinoidea *.

Genus ASPIDODIADEMA, A. Agassiz, 1879, Proc. Amer. Acad.
vol. xiv. p. 199; 1881, Report on ¢ Challenger’ Echini, p. 64;
1883, Report on ¢ Blake’ Echini, p. 24.

Syn. Plesiodiadema, Pomel, 1883, now Duncan. (Adapted.)

Test moderately large, tall; spheroidal, thin ; interradial coronal
plates few in number.

Apical system large, the narrow ring of plates composed of
broad basals and of wide intervening included radial plates; the
periproct large, the membrane with few or numerous radiating
plates, some united and reaching from the ring to the anus, which
may be tubular.

Ambulacra broad, with a few large primary perforated and
crenulated tubercles sometimes reaching above the ambitus, and
with smaller tubercles or granules abactinally, or with only small
tubercles and loose granules throughout. The pairs of pores are
numerous, in simple vertical series, and the plates are simple and
low broad primaries. - Tentacles heteropodous.

The interradia have two vertical rows of large primary perfo-

* The fact that 4. microtuberculatum, A. Ag., has small tubercles on its
ambulacra must not be forgotten ; but at the same time it must be remembered
that all the other generic characters are the same as those of the other species.
It is hardly worth while, therefore, to disturb the genus, as has been attempted
by u naturalist who has not seen the forms,
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rated and crenulated tubercles, and with expanded bases, largest
at and above the ambitus.

Peristome smaller than the apical system, with small branchial
incisions and bifid branchie ; ten very large spined buccal plates.
Teeth grooved. Spheridia large and extending high up on the
ambulacra. Spines hollow, verticillate, straight and curved, some
large and very long, others similar and small. Pedicellariz various,
some with large glands upon the stem.

Recent. Caribbean Sea, 95-1200 fms.; N. part of the South
Atlantic, and also the Chili coast, 856-2225 fms. ; Philippine Sea,
100-1700 fms.

The Family Diadematide was well formulated by Cotteau and
‘Wright, and the arrangement of the genera, by the existence
or not of crenulation and perforation of the primary tubercles,
has been very popular and useful; but it is too artificial, for
the physiological importance of the superficial structures of the
tubercles is exceedingly small. Careful consideration proves
that many genera have been placed in the TFamily which
can hardly remain, and they have now found places in the
TFamilies of Hemicidaridee, Temnopleuride, Arbaciide, and
Cyphosomatidze.

Many genera have been introduced since Cotteau founded the
Family, and it is now fairly homogeneous, if they are arranged
with their fellows on the principle of the structures of the ambu-
lacra being considered of primary taxonomic importance. It is
the group of genera which is characterized by having numerous
small tubercles placed actinally and at the ambitus, but then
ceasing more or less, which has given much trouble. Such genera
are Codiopsis, Gymnodiadema, Plistophyma, and Polycyphus.
Again, Orthopsis and its allies are difficuls to classify upon the old
lines of the value of crenulation and perforation. It way be
stated, as a general truth, that if these genera be classified by the
ornamentation of the tubercles, groups possessing very diverse
ambulacra will be associated-

The Family separates by the new method into subfamilies.

A most unfortunate decision of Desor’s has made paleonto-
logists and students of the recent fauna look upon some of the
most important species of one genus in a very different light.
Desor introduced the genus Pseudodiadema to take the place of
fossil Diademe. The only distinctions between the recent genus
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and the one founded by Desor, which in the first instance was
called by the same name as the recent forms (Diadema by Gray),
are that there is no verticillation of the longitudinally striated
spines of Pseudodiadema, and the spines are solid in the fossil,
hollow in the recent form. These are possibly specific characters
at the most, and hence one of the first steps in a revision
must be the elimination of Pseudodiadema, with its host of
species.

IV. Family DIApEMATIDE %,

Regular ectobranchiate gnathostomes, with or without rudiments
of internal branchiee, with highly ornamented, tumid, depressed,
or spheroidal tests ; with a well-developed dorso-central system,
often with a tubular anal orifice; with the madreporite in the
right anterior basal.

Ambulacra moderately broad or narrow, straight, flush or tumid,
with vertical rows of primary tubercles resembling the interradial
but usually smaller ; pairs of pores either in simple series, or in
arcs, or in two or more vertical series; the plates compound near
the ambitus and actinally, low and numerous ; the median com-
ponent carrying the tubercle and reaching the median line, and
therefore a large primary plate, and the adoral and aboral plates
of the compound low, broad primaries, smaller than the median
plate and having their sutural lines curved towards the tubercle
of the median component ; demi-plates rarely exist.

Interradia broad, with numerous low plates, with vertical rows
of primary tubercles, and sometimes with more than one horizontal
row of them on a plate; vertical rows varying in number, dimi-
nishing dorsally ; tubercles resembling those of the ambulacra,
but usually larger.

Peristome large, polygonal, with branchial incisions. Peri-
gnathic girdle continuous ; processes arched and the ridges low.
Jaws without a closed pyramidal foramen ; teeth grooved. Ten~
tacles heteropodous. Spheridia present. Spines variable, short
or long, hollow, striated and grooved longitudinally, verticillate
ot not, (solid from fossilization).

# The definition is an amendment of Gray, 1835 ; Peters, Abhandl, d. kénigl.
Akad. d. Wiss. Berlin, read 1853, published 1855, p. 106; A. Agassiz, 1874.
For morphology see Quart. Journ. Geol. Soc. 1885, p. 419, Journ. Linn. Soc.
vol. xix. 1885, pp. 95 and 201. Also P. and F. Sarasin, Ergebn. Naturw. Forsch.
anf Ceylon, 1884-6, published 1887, Bd. i. Heft 1, pp. 1-17.
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I. Subfamily Diadematine. Ambulacral plates compound, near

the ambitus ; the pairs of pores in simple vertical series orin
arcs of threes.

I. Genus Diadema (syn. Pseudodiadema).
Subgenera Centrostephanus, Microdiadema, Diademopsis,
Hemipedina, Echinodiadema.

II. Genus Placodiadema (syn. Plesiodiadema).

1II. ,, Heterodiadema.

IV. ,, Codiopsis.

V. ,, Pleurodiadema.

VI. ,, Magnosia.
VII. ,, Cottaldia.

I1. Subfamily Diplopodiine. Ambulacral plates compound ;
pairs of pores biserial.

I. Genus Diplopodia.

II. ,, Pedinopsis.
III. ,, Acanthechinus.
IV. ,, Phymechinus.

V. ,, Asteropsis.

VI. ,, Diplotagma.
VII. ,, Micropyga.
VIII. ,, Plistophyma.

III. Subfamily Pedinine. Ambulacral plates compound ; pairs
of pores triserial.
1. Genus Pedina.
Subgenus Pseudopedina.

IL. Genus Echinopedina.
III. ,, Stomechinus.
IV. ,, Micropedina.
V. ,, Heterocidaris.
VI. ,, Echinothriz.

VIL. ,, Astropyga.

VIII. ,, Polycyphus.
IX. ,, Codechinus.

IV. Subfamily Orthopsine. Ambulacra with simple primary
plates; pairs of pores in simple series.
1. Genus Orthopsis.
II. ,, Eodiadema.
III. ,, Peronia.
1V. ,, ' Echinopsis.
V. , Gymnodiadema.

Genus incerte sedis. Progonechinus.
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I. Subfamily Diadematine (p. 59).

Genus DrapEuma, Schynvoet, 1711, Tkes. Imag. Pisc. &e. p. 2,
pl. xiv. Gray, 1825, Ann. Phil. vol. xxvi. p. 426. Peters,
1858, Abhandl. k. Akad. Wiss. Berlin (1854), p. 107. Bélsche,
1865, Archiv fir Naturg.vol. xxxi. p. 8325. 4. Agass. 1874,
Revision, p. 274.  Duncan & Sladen, 1885, Journ. Linn. Soc.
(Zool.),vol. xix. p. 95. Lovén, 1887, On Species of Ech. desc. by
Linneus, Bihang till K. Svenska Vet.~-Akad. Handl. Bd. xiii.
Afd. iv. No. 5, pp. 125-137. Sarasin, P. & F., 1887,
Ergebn. Naturw. Forsch. auf Ceylon, Bd. 1. Heft 1, pp. 1-17.

Syn. Pseudodiadema, Desor ; Tetragramma, Agass.; Hebertia,
Mich.

Test thin, moderate in size, circular or slightly polygonal in
tumid marginal outline, wider than high, rather depressed.

Apical system sunken or not, large ; basal plates large, with a
long outer angle and large duct-perforation ; radial plates small
and some may enter the periproctal ring. Periproct large, with a
thin membrare furnished with a few plates near the ring. Anal
orifice at the end of a tube. :

Ambulacra siraight, narrow, often projecting; pairs of pores
in simple series in ares; plates compound, each with a middle
broad primary component carrying a tubercle and occupying
much of the median sutural edge, having a long low primary
above and below and occupying but little of the median sutural
edge, the edges of these plates curved, convexity towards the
base of the tubercle on the middle plate. Two vertical rows of
small, primary, crenulate and perforate tubercles extending from
peristome to apex.

Interradia with a bare median space near the apex or not;
coronal plates long and low. Primary tubercles in two or more
rows, resembling those of the ambulacra in structure, but larger ;
secondary tubercles and granules on the flanks of the scrobicules.

Peristome large, decagonal; branchial incisions with “ tags.”
Actinal membrane thin, but slightly plated. Perignathic girdle
with well-developed ridges; processes united and rather tall, a
projection of the test beyond the ridges into the peristome. Jaws
large ; pyramids with a tall foramen open above; teeth grooved.
Eye-spots numerous. Spines long, hollow, closely verticillate,
striated longitudinally, milled ring prominent.

Fossil. Lias, Oolites, Cretaceous : England, Europe, N. Africa,
Egypt, Asia, N. America. Eocene: Europe.
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Recent. Caribbean Sea, Cape Verd, Indian Ocean, Red Sea,
Japan, Pacific Ocean, W. coast of Central America.

Subgenus CENTROSTEPHANUS, Peters, 1853 (genus), Abh. d. k.
Akad. d. Wiss. Berlin, 1854, pub, 1855, p. 109 (note). A.
Agass. 1874, Revision, p. 409. Duncan, 1885, Journ. Linn.
Soc. (Zool.), vol. xix. p. 110.

Syn. Echinodiadema, Verr.; Trichodiadema, A. Agass.

Test thick, large or moderate, globular or depressed, circular
at the tumid ambitus.

Apical system with basal plates separated by small, rectangular
periproctal plates, and by radial plates also. Periproct with
minute plates. Anal opening small.

Ambulacra with two rows of tubercles and the plates as in
Diadema, but the poriferous zones may be sunken.

Interradia twice as broad as the ambulacra ; four vertical rows
of perforate and crenulate tubercles, two rows being more pro-
minent than the others, all subequal ; median space ill-defined.

Actinal membrane of the incised decagonal peristome with ten
large plates carrying spines, pedicellari, and tentacles. Spines
hollow, thin, very verticillate and striated longitudinally, long and
slender, some small and club-shaped.

Recent. Mediterranean, Canaries, Australia, New Caledonia,
W. coast of Central America.

Tormer genus Pseubnobiapema, Desor, 1858, Synopsis, p. 63, pars.
Duncan, 1885, Quart. Journ. Geol. Soc. vol. xli. p. 430. Cotteau,
1864, Rev. et Mag. de Zool. 2 sér. vol. xvi. p. 288. (Now DiapEMA.)

Syn. Tetragramma, Agass.; Hebertia, Mich.

Test small and moderate in size, thin, tumid at the circular ambitus»
swollen to subconical dorsally, depressed, flat or re-entering actinally.

Apical system small, ornamented ; the periproct circular or somewhat
elongate, and even unsymmetrical; basal plates narrow ; radial plates
small, equal or unequal, and some may enter the periproctal ring; the
pore close to the adoral edge ; madreporite distinct and in the right anterior
basal plate.

Ambulacra much narrower than the interradia; plates as single low
primaries near the apex and soon becoming compound, the central com-
ponent with the tubercle, a primary, and the adoral and aboral constituents
also primaries, their sutures curved, convexity towards the tubercle ; some-
times a demi-plate near the peristome. Pairs of pores in simple straight
series near the apex and in the same towards the ambitus, orin slight ares
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of triplets slightly crowded near the peristome; primary tubercles in two
rows, perforate and crenulate, fairly developed.

Interradia wide, with two or more vertical rows of primary tubercles,
larger than those of the ambulacra, and otherwise similar; secondary
tubercles may exist with or without a distinet and often crowded granu-
lation. Some diminution in the size of the tubercles and of the number of
vertical rows may occur dorsally.

Peristome moderate, nearly flush or incurved, decagonal, with large
branchial incisions, having a raised edge. Jaws well developed, with a
large foramen, without epiphyses ; teeth grooved ; perignathic girdle conti-
nuous. Spines variable in size, short, or longer than the diameter of the
test, striated longitudinally, finely tapering, cylindrical pointed (solid, and
this condition is due to fossilization).

Fossil. Lias, Oolites, Cretaccous: England, Europe, N. Africa, Egypt,
Asia, N. America; probably Eocene, Europe (Hebertia).

The alliance of Microdiadema, Diademopsis, Hemipedina, and Echino-
diadema (Cott.) with the old genus Pseudodiadema is evident. The im-
perforation and non-crenulation, or the reverse conditions, of primary
tubercles are insufficient to define and limit genera. Now all these ““genera’
are placed as subgenera with Pseudodiadema, which is synonymous with
Diadema.

Subgenus MioropiapEMA, Cotteaw, 1863 (genus), Rev. et Mayg.
de Zool. sér. 2, vol. xv. p. 225.

Test small, swollen and hemispherical abactinally, re-entering
actinally.

Apical system solid, narrow, projecting, granular.

Ambulacra with the pairs of pores in simple vertical series;
arrangement of plates “diadematoid.” Interporiferous areas
with small, almost uniform, perforate and crenulate, scrobiculate
primary tubereles in several vertical rows.

Interradia with primary tubercles resembling those of the
ambulacra in several vertical rows.

Peristome large, subcircular or decagonal, with well-developed
branchial incisions.

Fossil. Lias: Europe.

Subgenus Diaprmorsis, Desor, 1858 (genus), Synopsis, p. 79.
Cotteau, 1864, Rev. et Mag. de Zool. sér. 2, vol. xvi. p. 212.
Test moderate and small, depressed, but subconical above the
tumid ambital outline. Coronal plates low and numerous.
Apical system large ; madreporite and the basals large ; radial
plates between the basals, but excluded from the periproct.
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Ambulacra narrow, with very small perforate and plain primary
tuberecles in two rows ; pairs of pores in simple vertical series,
rarely, but sometimes, crowded at the peristome ; plates low,
simple primaries near the apical system, and compound elsewhere ;
the adoral constituent a small primary with its aboral suture
convex ; the median plate a large primary, and the aboral plate
a low primary with the adoral suture convex (diadematoid).

Interradia with four vertical rows of small perforate, plain,
primary tubercles, without scrobicules, rather larger than those
of the ambulacra ; the outer vertical rows reach up furthest ab-
actinally, and hence a granular median area.

Peristome large, branchial grooves moderate. Spines longer
than the diameter of the test, very delicate and slender, sharp,
striated longitudinally, solid.

Fossil. Infra-Lias and Lias: England and Europe.

Etallon remarked long since upon the slight value of the
genus Hemipedina and noticed that crenulation of the tubercles
is sometimes visible on some portions of a test. Hence the plain
condition is in this, as in other groups of forms, not of generic
value. It is not possible to separate Hemipedina from Diadema
generically, but the species formerly associated with it form a
somewhat natural series, and may enter a subgenus.

Subgenus HexiPEDINA, Wright, 1855 (genus), Pal. Soc. Monogr.,
Ech. Foss. Oolit. Form. p. 143. A. Agassiz, 1872-74, Re-
viston, p. 291. Duncan, 1885, Quart. Journ. Geol. Soc.
vol. xli. p.42. Déderlein, 1886, Wiegm. Archiv, Hefti. p. 96.

Test moderate in size or small, circular or slightly pentagonal
at the tumid ambitus, flat actinally, depressed, tumid, or sub-
conical dorsally. Coronal plates numerous.

Apical disk large, with large united basal plates.

Ambulacra narrow, straight ; pairs of pores in straight series or
in arcs of three ; simple primary plates near the apex, compound
plates elsewhere as in Diadema; tubercles in two vertical rows
perforate and not crenulate; secondary tubercles exist and
granules.

Interradia large, and with from two to six vertical rows of
small primary tubercles, but larger than those of the ambulacra,
only the outer rows reach the apex, perforate, and some may be
crenulated. Median area often bare or granular near the apex ;
secondary tubercles form rows near the ambulacra.
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Peristome moderate, decagonal, and with rather deep branchial
incisions; ten buccal plates upon the peristomial membrane.
Spines long and slender, needle-shaped, longitudinally striated.

Fossil. Lias and Oolites: England, Burope. Cretaceous:
Europe.

Recent. Caribbean Sea, 188-270 fms.; Sigambai, Japan.

Subgenus EcHinoprapema, Cotteau, 1869 (genus), Rev. et Mag.
de Zool. sér. 2, vol. xxi. p. 238, pl. xli. (non Verrill).

Test small, subconical. Ambulacra with undulating or straight
poriferous zones ; three pairs of pores directly superimposed to a
compound plate, forming arcs actinally; arrangement “ diade-
matoid.” Ambulacral and interradial tubercles nearly equal,
plain, most numerous and largest actinally; each interradial
tubercle corresponding to a swelling of a plate. Granulation
distinet and distant, considerable.

Peristome large, subcircular, with branchial incisions.

Tossil. Oolite: Europe.

Genus PracoprapeEMA, Duncan.

Syn. Plestodiadema, Dune. (non Pomel), 1885, Quart. Journ.
Greol. Soc. vol. xli. p. 4383, fig. viii. De Loriol, 1887, Faune Crét.
du Portugal, Ech. fasc. i. p. 81.

Test of moderate size, depressed, circular in marginal outline,
tumid dorsally and flatter actinally.

Apical system small, compact, the five basal plates and five
radial plates all perforated.

Ambulacra moderately broad, the poriferous zones with nu-
merous pairs of pores in simple vertical series or somewhat
arched ; plates high, compound, made up of from four to six
component primary plates, the sutures curved, with their con-
vexities towards the centres of the plates, the second component
from the adoral suture of the compound plate being the largest
primary component; a pair of pores to a component plate.
Interporiferous areas with two vertical rows of small primary
tubercles, perforate and crenulate.

Interradia wider than the ambulacra, with two or more rows
of primary tubercles, resembling those of the ambulacra. Peri-
stome decagonal, moderate, and with branchial incisions. Spines
striated, moderately long, hollow (see specimen in Brit. Mus.).

Fossil. Oolite: Europe. Cretaceous: England and Europe.
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Genus Hrrrroprapenma, Cotteaw, 1862, Rev. et May. de Zool.
sér. 2, vol. xiv. p. 200. De Loriol, 1887, Faune Crét. du
Portuy., Lch. fase. i. p. 44. (See Pseudodiadema (Hetero-
diadema) Pseudo-Bourgeti, Cott. Pal. Frang., Terr. Crét. vol.
vii. pl. 1097.)  (Amended.)

Syn. Loriolia, Neumayr, 1881, Zeits. d. deutsch. geol. Gesellsch.
Bd. xxxiii. p. 571 ; Colpotiara, Pomel.

Test moderate, circular in tumid ambital outline, subconical,
swollen but depressed abactinally, convex and rarely flat actinally.

Apical system long, and when absent leaving a large scar which
intrudes a considerable distance into the depressed posterior
interradium. When present, the madreporite is large and
passes from the right anterior basal plate to the centre of the
system and pushes backwards the periproct, which is bounded
by the postero-lateral basal plates and the postero-lateral radial
plates and one or two interradial plates. Moreover, the antero-
lateral radial plates separate the pairs of basal plates, and either
touch the madreporite, or come into the periproctal ring; fifth
basal plate absent.

Ambulacra with straight, narrow poriferous zones; the pairs
of pores in simple series, except actinally, where there is some
doubling; plates compound (diadematoid). Tubercles of both areas
in vertical rows, moderate in size, very equal, perforate and cre-
nulated. Peristome flush, decagonal, with branchial incisions.

Fossil. Cretaceons: Europe, N. Africa, Asia (Syria).

Genus Coproests, Agassiz, 1840, Cat. Syst. Eetyp. Ech. Foss.
p.19. Desor, 1858, Synopsis, p. 112. De Loriol, 1887, Faune
Crét. du Portug., Lch. fase. 1. p. 57, pl. ix. (Amended.)

Test moderate, swollen, high, often nearly globular, circular or
pentagonal in margical outline; coronal plates nUMErous, high.

Apical system small, solid.

Awbulacra straight, narrow ; pairs of pores uniserial, in very
slight arcs ; the plates low primaries, but near the pevistome they
are compound, the middle component a large primary, and the
aboral and adcral components demi-plates. Primary tubercles of
both areas small, smooth, nearly equal in size, and ouly occurring
actinally and for a short distance towards the ambitus, a granu-
lation being elsewhere. Peristome peutagonal, small, with slight
branchial incisions.

Desor states that the primary tubercles are perforat., but they
are not so in available specimens.

Fosstl. Cretaceous: Europe, N. Africa, Eyvpt.
LINN. JOURN.—ZOOLOGY, VOL. XXIIT.

«“
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Genus PLEuRODIADEMY, De Loriol, 1870, Feh. Help. Jura, p. 196
and 1885, Mém. Soc. Pal. Suisse, Genéve, p. 18.

Test of moderate size, more or less swollen above and flat below.

Apical system well developed, flush, compact.

Ambulacra narrow at the apex, with some projecting, imper-
forate, smooth or slightly crenulate tubercles on the actinal sur-
face only, the rest granular. Poriferous zones straight; pairs of
pores in simple series, directly superimposed and separated by
small horizontal coste, which are raised, distinet and stout,
especially actinally, and are prolonged to the interradial tu-
bercles.

Interradia actinally and at the ambitus with two rows of wide-
apart, projecting tubercles with large mamelons, without scrobi-
cules, and imperforate, slightly crenulate. Very small tubercles
abactinally, secondary tubercles absent.

Peristome decagonal, with everted edges; branchial cuts small.

Fossil. Jurassic: Europe.

Genus Maowosta, Michelin, 1853, Rev. et Mag. de Zool. sér. 2,
vol. v. p. 84. Desor, 1858, Synopsis, p. 115. De Loriol,
1887, Faune Crét. du Portug., Ech. fasc. i. p. 59.

Test small or moderate, circular at the tumid ambital outline,
subhemispherical dorsally, or depressed, concave actinally. Co-
ronal plates numerous, low.

Apical system small; periproct small.

Ambulacra narrow except actinally, where they are broad;
pairs of pores in simple straight series, barely in slight arcs of
triplets, but near the peristome they become close and polyserial.
Plates compound. Interporiferous areas with from two to six
or more oblique rows of very small plain primary tubercles.

Interradia with a median depression, abactinally, which is
smooth ; from four to nine horizontal or oblique rows of very
small tubercles resembling those of the ambulacra, diminishing
in number abactinally.

Peristome very large, pentagonal, well incised, the ambulacral
lips the largest.

Fossil. Oolite: England and Europe. Cretaceous: Europe
and N. Africa.

The Liassic species described by M. Cotteau cannot well enter,
and, as he suggests, should be removed.



GENERA AND GROUPS OF THE ECHINOIDEA. G7

Genus Corrarpia, Desor, 1858, Synopsis, p. 113.

Test thin, small or moderate in size, tumid, subhemispherieal
or subconical, slightly depressed, circular or subpolygonal in
ambital outline, flat and slightly tumid actinally.

Apical system small, one or both of the posterior radial plates
may enter the periproctal ring. Coronal interradial plates very
numerous, low and broad.

Ambulacra mnarrow; the poriferous zones narrow, slightly
sunken, straight, the pairs of pores in simple vertical succession,
slightly in ares actinally ; plates compound, there being threelow
primaries in each, with almost straight sutures. Interporiferous
areas slightly tumid, crowded with very small perforate non-
erenulate tubercles in horizontal rows, with or without order, and
large granules.

Interradia wide, the low plates with very numerous tubercles
resembling those of the ambulacra, placed in a horizontal row on
each plate, and with granules nearer the transverse sutures.

Peristome sunken, small ; the branchial incisions small; the
interradial lips the largest.

Fossil. Cretaceous: England, Europe, and N. Africa.

Recent. ?

A. Agassiz admits his Cottaldia Forbesiana (° Challenger’
Report, p. 182) into the genus with much reservation; and T
agree with him that the generic position is doubtful. Cot/aldia
Carteri, Dunc., from the Cretaceous of Ras Fartak, Arabia, must
enter the genus Orthopsis.

II. Subfamily Diplopodiine (p.59).

Genus Dreroronia, MeCoy, 1848, Ann. § Meg. Nat. Hist.ser.2,
vol. ii. p. 412.  Desor, 1858, Synopsis, p. 75. Duncan, 1885,
Quart. Journ. Geol. Soc. vol. xli. p. 443. De Loriol, 1887,
Foaune Crét. du Portuy., Lich. fasc. i. p- 83.

Test moderate, depressed, circular in tumid ambital outline.

Ambulacra narrow, with two vertical rows of primary tubercles,
perforate and ecrenulate, smaller or nearly equal in size to the
interradial tubercles ; pairs of pores in double vertical series near
the apex and peristome, and uniserial at the ambitus ; there is
much crowding out of the poriferous plates in the biserial parts;
at the ambitus there are four primary components to a compound
plate, or the lowest component may be a demi-plate, the second

5%
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primary from the adoral suture of the compound plate is the
largest component.

Interradia with two or more vertical rows of primary tubercles,
which are large and otherwise similar to those of the ambulacra.

Peristome with well-marked branchial incisions.

Fossil.  Oolite : Europe. Cretaceous: England, Europe,
Asia, N. Africa.

Diplopodia is very interesting in the construction of the ambu-
lacral plates, which, when compound, are “diadematoid;”’ on the
other hand, Pedinopsis, according to De Loriol, has the middle
plates of its compounds formed upon the “ZEechinus” type first
described by J. Miiller.

Genus Prpivorsis, Cotteau, 1863, Fich. Foss. de Pyrén., Extr. de
Congr. Sci. de Fronce, 28 Sess. Bordeauz, p. 16; 1879, Fich.
Foss. de U’ Algér. fase. 5, p. 207 (P. Desori). De Loriol, 1887,
Faune Crét. du Port., Lch. fase. i. p- 53, pl. x. figs. 7, a, b.

Test moderate, thin, tumid, subconical, flat actinally.

Ambulacra moderately wide ; pairs of pores biserial throughout,
or polyserial at the peristome, or uniserial at the ambitus ; inter-
poriferous area with two or more vertical rows of small perforate
and crenulate primary tubercles; the compound plates high,
numerous, and the middle plate of each arranged with the others
upon the “ZEehinus™ type.

Interradial areas with numerous plates not much higher than
the compound ambulacral plates, with several or numerous rows
of small distant primary tubercles, resembling those of the am-
bulacra and diminishing in number abactinally.

Peristome with feeble branchial incisions.

Fossil. Cretaceous: England, Europe, N. Africa.

Genus AcANTHECHINUS, Duncen & Sladen, 1882, Pal. Ind.
ser. xiv., Hoss. Hech. W. Sind, pt. ii. p. 84, pl. viii.

Test turban-shaped, flat actinally.

Ambulacra convex from side to side, one half of the breadth of
the interradia, with two vertical rows of primary tubercles ; pores
in numerous pairs, diplopodous apically, in single series actinally,
very numerous, close, from five to eight pairs to a compound
plate; zone narrowest actinally, slanting from the interporiferous
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areas. Every compound plate has not a tubercle, for smaller
wedge-shaped compound plates intervene between those with
tubercles.

Interradia with sunken median aveas ; plates distinctly sutured
and high. Primary tubercles of both areas well developed, some
on raised areolz, all with a broad-based conical boss, largely cre-
nulated, with ridges passing down their tall flanks, and a small
imperforate mamelon. Secondary tubercles and granules sharply
pointed and spiny.

The apical system and peristome of the species of this inter-
esting group are lost.

Fossil. Eocene : Asia, W. Sind.

The place of this genus must be provisionally with the Dia-
dematidee.

Genus PayuecuiNus, Desor, 1858, Synopsis, p. 1388, pl. xvii. bis.

Test rather large, tumid in marginal outline, subhemisphe-
rical, and depressed abactinally, broad, flat, and slightly tumid
actinally. Coronal plates numerous.

Apical system small ; madreporite large ; basals unequal, some
radial plates entering the periproctal ring.

Ambulacra straight, rather broad, especially actinally ; pairs of
pores diplopodous, close vertically, crowded at the peristome ;
plates compound, with at least five pairs of pores. Interpori-
ferous areas with two vertical rows of large, projecting, plain,
imperforate primary tubercles, with many surrounding granules,
extending from the peristome to the apex.

Interradia broad, with two very prominent vertical rows of
primary tubercles, resembling in structure those of the am-
bulacra, but larger, with four rows of small secondary tubercles,
extending nearly to the peristome and diminishing above the
ambitus.

Peristomne very large, decagonal, with very decided branchial
incisions ; interradial lips small.

Fossil. Oolite : Europe.

Genus Asrerorsts, Cottean, 1883, Bull. Soc. Zool. de France,
sér. 2, vol. viil. p. 450.

Test of moderate size, circular in ambital outline, swollen
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above, depressed and subpulvinate actinally. Apical system
wanting, large.

Ambulacra with two vertical rows of small, imperforate, cre-
nulate, primary tubercles ; poriferous zones straight, the pairs
biserial to below the ambitus, in barely oblique triple combina-
tions, not increasing near the peristome.

Interradia with abactinal bare median areas, broad, with two
vertical rows of small distant primary tubercles resembling the
ambulacral, with large bosses and small mamelons, all diminishing
abactinally, scrobiculate ; small crenulated secondaries between
the primaries and the poriferous zomes; granules abundant
around the tubercles.

Peristome sunken, subcircular. Spines slender, elongate,
cylindrical, marked throughout with granular coste, which are
regularly placed ; the ring is crenulated.

Fossil. Upper Cretaceous: Europe.

Grenus Diproraesa, Schliiter, 1871, Zeitsch. f. d. ges. Naturw.
(Gicbel), n. F., Bd. iv. p. 389. Zitiel, 1879, Paleontcl.
Bd. i. Lief. iii. p. 509.

Test thick, high, conical, spheroidal.

Apical system small, with a narrow ring.

Ambulacra broad; pairs of pores biserial, and with from five
to eight pairs to each tubercle-bearing plate ; plates compound.
Tubercles similar in both areas, plain, numerous.

Peristome small, central ; branchial incisions small.

Fossil. Cretaceous: Europe.

Genus Microryaa, 4. Agassiz, 1879, Proc. Amer. Acad. vol. xiv.
p.200; Reporton ‘Challenger’ Echini, 1881, p. 67. Duncan,
1885, Journ. Linn. Soc. (Zool.), vol. xix. p.110, pL. 5. fig. 11.

Tost large, thin, flat actinally, with a rather sharp circular or
subpentagonal ambitus, arched upwards towards the low flattened
abactinal surface, broader than high.

Apical system central, with a small periproct, its membrane
with small plates, with miliaries ; anal opening minute. Basals
uniform, largely perforate, angular towards the interradia. Madre-
porite in the usual basal. Radial plates all entering the narrow

periproctal ring, concave at the distal edge where the pore is
situate.
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Ambulacra narrow, with two vertical rows of perforate, plain,
primary tubercles; the poriferous zones with diplopodous pairs,
which are numerous, close vertically, distant horizontally, and
regular. Plates numerous, low, broad, composed above the
ambitus, as elsewhere, of three small plates; the adoral and
aboral are low broad demi-plates and the middle plate is a primary
which carries the tubercle and occupies the median suture. Pairs
of pores of a compound plate really in low broad triplets; only
every alternate compound plate has the adoral pair of pores
nearest to the ambulacral median line.

Interradia with many low broad plates, with many vertical rows
of perfurate primaries slightly larger than those of the ambulacra,
ceasing at the ambitus, and largest there ; and two rows extend
vertically to the apex.

Peristome moderate, star-shaped, with broad projecting ambu-
lacral ends, having a well-marked branchial incision and a tag on
either side, the interradial margins being more pointed and
narrower than those of the ambulacra. Peristomial membrane
with imbricating plates.

Jaws and teeth ““ diadematoid.” Spines short, slender, and stri-
ated above the ambitus, slender and blunt club-shaped actinally.,

Recent. Philippines, Fiji Islands; 100-600 fathoms.

Genus PristorEIMA, Péron & Gauthier, 1881, Leh. Foss. de
U Algér. fase. 8, p. 176, pl. xx.

Test moderate, circular at the tumid ambitus, very depressed,
nearly three times as broad as high.

Apical system large and subpentagonal.

Ambulacra narrow, straight, with two vertical rows of imper-
forate plain primary tubercles. Poriferous zones with the pairs
of pores biserial, actinally and dorsally, and in simple series at the
ambitus.

Interradia broad at the ambitus, the median area distinct and
bare abactinally ; four or five vertical rows of primary tubercles
in each (ormore); tubercles resembling those of the ambulacra,
those next to the median suture the largest and passing up to
the apex, rows oblique ; plates numerous, low, broad, and oblique,
especially at the ambitus.

Peristome large, pentagonal ; branchial incisions small.

Fossil. Cretaceous: Europe and N. Africa,
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Cotteau, 1882, Bull. Soc. Géol. de France, sér. 8, vol. x. p. 346,
considers the genus to be close to Magnosia, and that there is a
species at Martigues ; but the structure of the apical system and
of the poriferous zones forms a decided distinction.

III. Subfamily Pedinin e (p. 59).

Genus PrpiNa, dgassiz, 1840, Ech. Foss. de la Suisse, p. 33.
Wright, 1855, Pal. Soc., Ech. Ool. Form. p. 171.  Duncan,
1885, Quart. Journ. Geol. Soc. vol. xli. p. 433.

Test large and moderate, thin, circular or slightly pentangular
in tumid.ambital outline, depressed.

Apical system small, with nearly equal basal plates and small
excluded radial plates ; periproct moderate.

Ambulacra narrow ; poriferous zones wide; pairs of pores
in oblique triserial ranks, really in exceedingly arched triplets.
Plates low, crowded, and consisting of three components, each
with a pair of pores, the pair nearest the median ambulacral line
being in the adoral plate, which is either a long low primary plate
or a demi-plate, with its aboral suture convex towards the middle
component ; the middle plate of the three is the largest, is a pri-
mary, and its pair of pores is nearest the interradio-ambulacral
suture ; the aboral plate is either a low primary or a demi-plate,
and its adoral suture is convex towards the middle plate, its pair
of pores is further from the suture between the interradium and
ambulacrum than the pair of the middle plate. Tubercles in two
vertical rows ; aund they are small perforate primaries.

Interradia broad, and with two vertical rows of small primary
tubercles resembling those of the ambulacra, extending from
peristome to apex, and two or four rows of secondary tubercles,
which cease at or above the ambitus.

Peristome small and with branchial incisions.

Fossil. Oolite: BEngland ; Europe.

Subgenus PseunorEpINa (genus), Cotteau, 1858, Rev. ef May. de
Zool. sér.2, vol. x. p. 221; 1884, Pal. Frang., Jura, livr. 66,
p. 661, pl. 439.
Test subcircular in marginal outline, depressed or subhemi-
spherical.
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Apical system large, granular, flush; basals large, high, ex-
tending into the interradia somewhat; radials small; periproct
small, pentagonal.

Ambulacra narrow, straight, having distant, large, perforate,
non-crenulate primary tubercles on the flat actinal surface and
near the ambitus only. Pairs of pores in oblique triplets, the
aboral pair being nearest the interradium, and the adoral nearest
the median ambulacral line. Plates low, compound, the three
components being “ diadematoid ” primaries.

Interradia with large perforate non-crenulate tubercles dimin-
ishing abactinally ; plates high and granular.

Peristome large, decagonal ; branchial incisions large.

Fossil. Oolite: Europe.

The size of the primary tubercles characterizes this subgenus
of Pedina.

Genus EcHINOPEDINA, Cotleauw, 1866, Rev. et May. de Zool.
sér. 2, vol. xviil. p. 362.

Syn. Echinopsis (pars).

Test moderate, spheroidal or subspheroidal, flattened above
and actinally.

Apical system with a narrow ring and a large madreporite ; the
posterior radials entering the periproctal ring.

Ambulacra broad and straight, with broad poriferous zones,
the pairs in decided arcs of triplets, more or less biserial or tri-
serial ; a vertical row of perforated, non-crenulate small primary
tubercles close to each poriferous zone; small secondaries or
large granules nearer the median line. .

Interradia with two vertical rows of small primary tubercles
resembling those of the interradia, the broad median space being
occupied by rows of granules or small secondaries.

Peristome small, and with branchial incisions fairly developed.

Fussil. Bocene: England and Europe; America, Cuba.

The arched nature of the triplets of the ambulacra distinguishes
Echinopedina from Echinopsis. Echinopedina Gacheti of the
French Eocene is the type.

Cottean has described Echinopedina cubensis from the Eocene
of Cuba (Ann. de la Soc. Géol. de Belg. t. ix. Mémoires, 1881, p. 9,
pl. i. figs. 1-6) ; and it only departs from the generic character
by having a second vertical row of small primary and some
secondary tubercles. The figure 3 of Colicau’s plate i. shows
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ambulacral plates near the ambitus, and fig. 4 above the ambitus ;
the difference is remarkable. The adoral pair of pores (tig. 4)
is nearer the ambulacral median line than the others, as in
Fehinothriz.

Genus SromMEcHINUS, Desor, 1858, Synopsis, p. 124. Duncan,
1885, Quart. Journ. Geol. Soc. vol. xli. p. 435. De Loriol,
1887, Faune Crét. du Port., Ech. fasc. i. p- 65, pl. x.

Test moderate and large, circular in tumid ambital outline,
subconical or subhemispherical dorsally, more or less depressed.
Coronal plates numerous.

Apical system with large angular basals forming the peri-
proctal ring, and projecting into the interradia; radial plates
small.

Ambulacra moderately wide; at a short distance from the
apical system the pairs of pores arein close, oblique, triple series ;
three pairs to a compound plate, the adoral pair nearest the inter-
poriferous area. A compound plate consists of an adoral and
aboral low primary component, the sutures being convex towards
the tubercle, and a large median primary carrying the greater part
of the tubercle and forming the median sutural angle (diade-
matoid). Interporiferous areas with non-crenulate imperforate
primary tubercles arranged in two vertical rows, with or without
additional rows in the median part.

Interradia with a primary tubercle on each coronal plate,
similar to, or larger than, the ambulacral tubercles, imperforate
and non-crenulate, thus forming two main vertical rows; a
varying number of small secondary tubercles and granules on
either side of the primary tubercles ; median area may be bare
fiear the apex. :

Peristome large, pentagonal; branchial grooves large, with
raised rims ; ambulacral margins much larger than the interradial.
Spines small, short, blunt, striated longitudinally. _

Fossil. Oolite : England and Europe ; America, South.
Cretaceous: Europe. ' ;

M. de Loriol’s species 8. camarensis (op. cit. p. 65)1is abnormal ;
for nothing can be clearer than the “ diadematoid” nature of
the ambulacral plates of the British types. The narrowness of
the ambulacra of the peristome, the small branchial in¢isions, and
the demi-plates of the ambulacra characterize M. de Loriol’s
species, but do not bring it within our idea of Stomechinus.
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Genus MicrorepINg, Cottean, 1866, Pal. Frang., Terr. Crét.
vol. vil. p. 822, pl. 1197. fig. 8. Stoliczka, 1873, Cret.
Fauna of 8. India, vol. iv. 3 ser. viil. 3. Eehin. p. 41,
pl. vi. De Loriol, 1887, Fuune Crét. du Port., Ech. fasc. i.
p. 61, pl. x.

Test of moderate size, circular in tumid ambital outline, sphe-
roidal, depressed actinally, or generally depressed.

Apical system small.

Ambulacra straight, slightly prominent ; pairs of pores flush,
in a narrow zone, either in straight or oblique series of triplets,
the adoral pair being remotest from the interradium, and the
aboral close to it. Plates low, composed of a low, broad, median
primary component, and of adoral and aboral demi-plates, or the
adoral may be a primary, the sutures convex towards the tubercles.
Interporiferous area with several vertical rows of very small
perforate, smooth, primary tubercles, most not reaching the apex.

Interradia with numerous low, broad, coronal plates, with very
numerous vertical rows of primaries resembling those of the am-
bulacra, some of the plates with oblique rows. Rarely more than
two vertical rows reach the apex.

Peristome small, circular; branchial incisions small,

Fossil. Cretaceous: Burope, N. Africa, 8. India, Asia.

The next genus is represented by a very fine species in the
Inferior Oolite of France, Heterocidaris Trigeri, Cotteaun, and by
a small fragment of a probably second species, . wickense,
Wright, from the Inferior Oolite of Yorkshire. But although
Cotteau had the advantage of examining a fine specimen which
was admirably drawn by Humbert, Wright, under unfavourable
circumstances, placed the species in their proper family, and
noted the affinities with Adstropyge of the recent fauna. Follow-
g Wright, I am able to confirm his judgment in some poiuts,
after an examination of the structures of the ambulacra and
peristome.  Cotteau placed the genus amongst the Cidaride,
and distinguished it from any of the Diadematide. This is
to be regretted because really so much of our knowledge about
the form is derived from his excellent work and Humbert’s
masterly drawing. Wright missed the points which I would
press upon the distinguished French Echinodermatist, and con-
sidered that the narrowness of the ambulacra and width of the
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interradia and their numerous tubercles allied the forms suffi-
ciently with Diadematidee and removed them from Cidaridzw. |

I would point out that in Humbert’s figure (Cotteau, Ech.
de la Sarthe, Suppl. p. 838, pl. Ivi. figs. 1-4) the outline of the
margin of the peristome is decagonal, the ambulacral borders being
very narrow anditis clear that there is a decided branchial cut on
either side of the peristomial end of the best preserved ambulacrum.
Moreover, there are indications, in the drawing of the peristome,
that the perignathic girdle is not after the simple Cidaroid type,
The statement of M. Cotteau that the pairs of pores form arcs
near the peristome is strictly true, and the figure given by Hum-
bert of the component plates of three compound poriferous plates
and parts of an upper and lower one on fig. 4 arc conclusive
in respect of Cotteau’s exactitude. Tf the upper pair of pores
of the fig. 4, pl. Ivi. (Cott. op. cit.), be removed and the lowest
also (they belong to defective compound plates), it will be evi-
dent that three sets of triplets remain, and that each set is in
a compound plate made up of three smaller plates, and that
the middle one of each carries the tubercle. The thin lines
indicate the sutures between the component plates of each com-
pound plate; and it will be observed that the middle plate of
each is the largest, occupies much of the plate at the tubercle
end, which is near the median suture of the ambulacrum, and
that its pair of pores is nearer the ambulacro-interradial suture
than the other pairs of pores. Then it can be noticed that
the adoral suture of the upper pore-bearing plate, in every
compound plate, is slightly curved convexity adorally, and that
it reaches the median ambulacral sutural line just above the
base of the tubercle. The component plate is thus a low pri-
mary, and its pair of pores is placed remote from the ambulacro-
interradial suture. On the other hand, the aboral suture of
the lowest of the pore-bearing plates of each series has its con-
vexity directed aborally, and it may noticed that the end of the
suture is either at the median line or falls short. In this last
instance the plate is a demi-plate; but in either case the pair of
pores is situated normally, that is, remote from the ambulacro-
interradial suture. Now this arrangement of the plates com-
posing a component ambulacral tubercle-bearing plate is essen-
tially “diadematoid,” and is most distinct from that of any
Cidaroid. (Duncan, Anat. Amb. Recent Diadematide, Journ.
Linn. Soc. (Zool.), vol. xix. p. 96, 1885.)
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The arrangement is represented in the recent forms of Hehi-
nothriz, to which genus the alliance is greater than to Astropyga.
But other distinctions of structure between the genera are
evident.

The fossil form has not the ambulacra with the width and con-
vexity of those of Echinothriz, and the median interradial area
near the apical system is tuberculate in Heterocidaris.

Grenus HEerEROCIDARTS, Cottean, 1860, Bull. Soc. Géol. de France,
sér. 2, vol. xvii. p. 878 ; Lch. Foss. de la Sarthe, Suppl. p. 338,
pl. vi. Wiight, 1860, Pal. Soc., Ech. Ool. Form. p. 450.
(Amended.)

Test large, circular in outline at the turaid ambitus, broader
than high, flat actinally, subconvex abactinally.

Apical system absent in the specimens.

Ambulaera very narrow, straight, not projecting, with two
vertical rows of very small perforate and crenulate tubercles.
Poriferouszones slightly depressed, narrow; pairs of poresin almost
straight series at and above the ambitus, although in triple com-
pound plates; near the peristome the pairs of pores are in arcs and
oblique ; the tubercle of a compound plate is on the middle com-
ponent plate, and the sutures of the adoral and aboral component
plates and the middle plate are curved more or less, their con-
vexities directed towards the middle plate. Usually the com-
ponents are low, broad primaries; but a demi-plate may occur
near the actinosome.

Interradia very broad and tumid; the plates low and broad,
carrying several rows of large, perforate, crenulate and scrobi-
culate primary tubercles separated by a rich granulation. The
vertical rows diminish above the ambitus; but at least four
reach close to the apical system, especially the pair close to the
ambulacra, so that the median vacant space is very small and
insignificant.

Peristome small, decagonal ; ambulacral ends small, with
branchial incisions on their flanks. Spines long, cylindrical,
striated longitudinally.

Fossil. Inferior Oolite: England, Europe.

M. Cotteau states that the auricular processes must have been
strong.
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Genus Ecai~orurix, Peters, 1858, Abh. k. Akad. Wiss. Berlin,
(1854), p.114. A. Agassiz, 18724, Revision, p.413. Dun-
can, 1885, Journ. Linn. Soc. (Zool.), vol. xix. pp. 101 and
202. Lovén, 1887, Ech.desc. by Linneus, p.137. (Amended.)

" Syn. Garelia, Gray ; Savignia, Desor.

Test large, thin, tumid, moderately high, depressed, broad.

Apical system large, more or less sunken; basals large and
projecting into the interradial spaces ; radials small and entering
the ring ; the periproct large, with a close pavement of plates.
Coronal plates numerous.

Ambulacra tumid, narrow, with several vertical rows of very
small tubercles, which are crenulate and perforated, diminishing
in number actinally ; plates numerous, low, broad, composed of
three primaries, with the sutures convex towards the tubercle;
near the peristome the adoral component is small and excluded
from the interradial suture. Pairs of pores large, in close arcs,
the adoral pair nearest the ambulacral median line, forming, with
others, a vertical series.

Interradia with a bare median space, sunken, elsewhere several
vertical rows of large primary tubercles, crenulated and perfo-
rated, scrobiculate, diminishing in number abactinally.

Peristome large, with deep branchial incisions and tags ; mem-
brane with small plates. Perignathic girdle with very bread, low
ridges ; processes expanded above, opening large. Jaws with the
foramen of the pyramid an open arch, the teeth grooved. Spines
slender, long, striated, verticillate, more or less solid.

Recent. B. coast of Africa, Pacific Islands, Japan, Philippines,
E. Indian Islands, Red Sea.

Genus AstroPY@a, Gray, 1825, Ann. Phil. vol. xxvi. p. 246.
Peters, 1853, Abh. k. Akad. Wiss. Berlin (1854), p. 110.
A. Agassiz, 1872—4, Revision, p. 417 ; 1881, Report on ‘Chal-
lenger’ Echini, p. 72, pl. x. 0. fig. 9. Duncan, 1885, Journ.
Linn. Soc. (Zool.), vol. xix. p. 106, pl. v. (Amended.)

Test large, tumid at the ambitus, depressed, thin, more or less
flexible ; ambulacra bulging.

Apical system large; basals large, triangular, elongate ; radials
much smaller, narrow, and entering the periproctal ring. Mem-
brane with circular rows of plates.

Ambulacra narrow, convex, with two vertical rows of large,
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crenulate and perforate primary tubercles ; poriferous zones
broad ; plates compound, large, high, composed at the ambitus
and actinally of two sets of triplets, each consisting of low, broad
primaries, sometimes with a demi-plate, with their sutures curved,
convexity towards the tubercles; pairs of pores in oblique sets of
three pairs, really in close triplets, the adoral pair of a compound
plate being nearest the ambulacral median line and the aboral
the most remote.

Interradia with a broad median area abactinally, elsewhere
with several rows of crenulate and perforate primaries, slightly
larger than those of the ambulacra, each with a large flat scrobicule.
Coronal plates rather numerous, low and broad, overlapping more
or less, pitted inside and some split longitudinally or not.

Peristome variable in size; branchial cuts large; membrare
with plates, the largest carrying spines. Jaws small; teeth
grooved. Larger spines about one half of the diameter of the
test, striated, verticillate.

Recent. Panama, Gulf of California, Zanzibar, Philippines,
Fast-Indian Islands.

Genus Poryeyeuus, Agassiz, 1846, Cat. Rais. des Lich., Ann. d.
Sei. Naot. sér. 8, vol. vi. p. 361, Desor, 1858, Synopsis, p. 117.
Cottean, 1868, Rev. et Mag. de Zool. sér. 2, vol. xv. p. 261.

Test small, subeonical or hemispherical dorsally, tumid at the
circular ambitus, rather flat actinally.

Apical system small ; basal plates large and united ; periproet
oblique or not.

Ambulacra straight, rather wide, with rather broad poriferous
zones, which may be sunken; pairs of pores in close and very
oblique triplets, triserial abactinally and polyserial actinally ;
plates low, compound, ¢ diadematoid.” Tubereles of the inter-
poriferous areas small, plain, in four or more vertical rows, the
outer the larger.

Interradia with numerous low broad plates, each with two
horizontal rows of numerous plain tubercles, resembling those
of the ambulacra ; but one row has small tubercles; usually the
tubercles increase in size actinaily ; vertical rows five or more in
number.

Peristome large, decagonal ; ambulacral lips large; branchial
incisions well developed.

Fossil. Oolite: England and Europe.
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Genus CopEcHINTS, Desor, 1858, Synopsis,p. 111.  Cotteau, Pal.
Frang., Terr. Crét. vol. vii. pl. 1198. fig. 6.

Test small, tumid, spheroidal, flattish actinally. Coronal plates
high.

Ambulacra broad; poriferous zones broad; pairs of pores
triserial, close, in nearly horizontal triplets: plates compound,
low, some of three low primaries, ¢ diadematoid ”; others with
a large middle primary, alow aboral demi-plate, which is broad,
and an adoral demi-plate whichis excluded from the interradial
suture. The middle pair of pores is nearest the interradium.
Tubercles very small, plain, distributed irregularly, most nume-
rous and closest actinally, but few elsewhere.

Interradia with the median sutural area rather depressed;
tubercles resembling those of the ambulacra, limited to parts of
plates remote from the median line of the avea, which is naked.
A minute granulation separating the tubercles of both areas.
Peristome small, central, diagonal.

Fossil. Cretaceous: Europe, N. Africa.

IV. Subfamily Orthopsine (p. 59).

Genus OrTtHOPSTS, Cotteau, 1863, Pal. Frang., Terr. Crét. vol. vi.
p. 550. Stoliczka, 1873, Pal. Ind., Cret. Fauna 8. India,
vol. iv. 3. viii. ser. 8, Echin. p. 45, pl. vii.. De Loriol,
1887, Faune Crét. du Port., Fch. fase. i. p. 46, pl. viil.

Test moderate in size or small, depressed, circular or slightly
pentagonal in ambital cutline, tumid dorsally, flat actinally.

Apical system with five perforated basals; madreporite well
developed ; radial plates, all or some entering the anal ring,
which is variable in outline.

Ambulacra much narrower than the interradia, straight ; pairs
of pores numerous, in straight series; poriferous zone narrow;
plates simple, low, primaries dorsally, but near the ambitus and
actinally two primaries may combine, and the suture passes
transversely through the interporiferous tubercle. Tubercles
of the ambulacra small, perforate, and smooth; two vertical
TOWS.

Interradia with several vertical rows of small primaries re-
sembling those of the ambulaera, or slightly larger, some reaching
up dorsally.

Peristome moderate, with well-developed branchial incisions;
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perignathic girdle with ridges and processes which unite and
form a small arch.

Fossil. Oolite : England, Europe. Cretaceous: Europe,
N. Africa, Hindustan, Eocene: Egypt.

De Loriol has shown that Hemipedina Semanni, Wright, 1855,
is an Orthopsis.

Grenus EoprapeMA, gen. nov.

Test small, thin, circular in tumid marginal outline, subconical
dorsally, tumid and re-entering actinally, broader than high.

Apical system moderate in size, ovoid or elliptical in the out-
line of the periproct ; five large basal plates, four in contact and
the fifth or posterior separated from its fellows, on either side,
by a radial plate.

Ambulacra narrow, 'straight, wider than the interradia at the
peristomial margin, narrower elsewhere ; poriferous zones narrow ;
the pairs of pores numerous, in simple vertical series, barely
any crowding near the peristome ; plates all low, broad primaries ;
interporiferous areas rather broad, crowded with blunt granules
dorsally, some larger granules mear the poriferous zones, and
giving place at the ambitus to some very small crenulate and
perforate tubercles which diminish actinally.

Interradia broad; plates not numerous, broader than high ;
two vertical rows of perforate, crenulate and scrobiculate pri-
mary tubercles in each area, a few large at the ambitus and
becoming rapidly very small dorsally, or replaced by distinet,
large, crowded granulation, diminishing also actinally. Sero-
bicules large at the ambitus, and usually coalescing. A large,
blunt, very marked granulation occurs beyond the scrobicules on
each plate, and also on all the plates up to the apex, exceptat an
angular space contiguous with each basal plate, and extending
downwards, variously, along each median line, where there are
no granules, but a plain surface. Peristomial edge small and
pointed.

Peristome sunken, decagonal, small, and with well-marked
branchial incisions.

Fossil. Middle Lias: England.

This is a most interesting genus; and the species Hodiademo
granulata was discovered by E. Wilson, Bsq., F.G.S., of the Bristol
Museum. The alliance is very close to the Orthopsids, although
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they have smooth tubercles as a rule. It is the single primary
plates of the ambulacra without any compound ones, coupled with
the small tubercles of the ambulacra and the few large primaries
near the ambitus, all the rest of the test being granular, that sepa-
rate the type from Hypodiademe and Hemicidaris and Diadema.

It is very interesting to find such a simple form so low down in
the Mesozoic series, and it may well have been the precursor of
the genera just mentioned. The similarity of the genus to dero-
salenia is striking ; but there is evidence that the sur-anal plates
were not present.

If more was known about Hypodiadema, the alliance of the
new genus with the oldest Mesozoic forms would be very defi-
nite ; but the good drawings of Desor and other describers show
that the interradia of the genera differ considerably.

MM. Péron and Gauthier have described Cyphosoma Heinzz,
and notice its abnormal nature; and they consider that had it
been placed in Pseudodiadema it would have been equally erratic.
Probably the classificatory position is near Oréhopsis, for the pairs
of pores are in simple, low, primary plates. I have diagnosed anew
genus for the form, and dedicate it to M. Péron.

Genus PERONIA, gen. nov.

Syn. Cyphosoma, Cotteau, Péron et Gauthier, 1884, Ech.
Foss. de I’Algérie (2nd edit. of fase. 2), p. 96, pl. ix.

Test small, circular in tumid ambital oufline, very depressed.

Apical system annular, pentagonal, symmetrical ; periproct
large, circular ; basal plates equal, broad, low, perforated largely ;
radial plates small, all entering the ring and reaching the peri-
proct, the margin of which is slightly raised.

Ambulacra narrow, with narrow poriferous zones, the pairs
not numerous, and in simple vertical series throughout, each in a
low primary plate. Interporiferous areas with small granules only.

Interradia broad, with only seven coronal plates on a side, with
as many crenulate, imperforate and scrobiculate tubercles, largest
at the ambitus, the rest of the plate granular ; secondary tubercles
absent.

Peristome large, decagonal, the branchial incisions with everted
edges.

Fossil. Cretaceous (Neocomian) : Algeria.
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Cyphosoma Heinzi thus becomes Peronia Heinzi, Péron et
Grauthier, sp.

Genus Ecuivorsts, dgassiz, 1840, Catal. Syst. Ectyp. Ech. p.18.
Desor, 1854, Synopsis, p. 98 (pars). De Loriol, 1881, Eoc.
Heh. aus Bgypt. w. d. Lib. Wiiste, Paleontographica, n. F.
x. i. (xxx.) p. 10.

Test thin, small or moderate in size, hemispherical, or sub-
conical and tumid abactinally, rather flat actinally.

Apical system narrow, the basals unequal ; the radials small
and close to the periproct, but not forming its ring. Periproct
large.

Ambulacra large, straight, flush with the test; pairs of pores
in simple straight series ; plates compound, triple, or quadruple,
made up of low broad primaries; tubercles very small, close,
perforate and non-crenulate, extending the whole length of the
ambulacrum in two vertical rows placed near to the poriferous
zones.

Interradia with two vertical rows of small primary tubercles,
slightly larger than, but otherwise similar to, those of the ambu-
lacra; minute granules surrounding the non-sunken scrobicules.
Sutures of the plates distinctly seen.

Peristome small, slightly depressed ; branchial incisions slight.

Fossil. Bocene: Burope, Egypt.

Echinopsis Edwardsi, Forbes, of the London Clay, is an
Lehinopedina.

Genus Gyynonianema, De Loriol, 1884, Recueil Zool. Suisse,
vol. i. No. 4, p. 606.

Test thin, tall, swollen, moderate.

Apical system flush ; the madreporite triangular, slightly deve-
loped ; radial plates small.

Ambulacra narrow ; poriferous zones straight, with regularly
superimposed pairs of pores in simple series; the plates very
numerous, low, narrow primaries; interporiferous areas very
narrow, have abactinally very small granules, which are barely
visible to the naked eye, yet forming vertical series; they are
replaced actinally by very small tubercles with perforate
mamelons.

Interradia very broad, covered with granules like shagreen;

6%
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near the peristome there are some small tubercles, which are
perforate and scrobiculate ; they are more developed than those
of the ambulacra.

Peristome (wanting) probably small.

Fhssil. Oolitic: Europe.

The drawing of the solitary species given by De Loriol shows
a globose test longer than broad, and very minutely granular ;
the increased size of the ornamentation actinally is very charac-
teristic.

Genus incerte sedis.

Genus ProcoNecHINUS, Duncan and Sladen, Pal. Ind. ser. xiv.,
Foss. Ech. W. Sind, p. 43, pl. x. figs. 1-4.

Test small, moderately high, subhemispherical, concave acti-
nally ; margin circular and tumid.

Apical system absent.

Ambulacra narrow, with straight poriferous zones having
numerous pairs of pores directly superposed and close. The
plates compound, the adoral component a low broad demi-plate,
the middle a large primary plate carrying two small tubercles,
and the aboral component a low broad primary ; sutures grooved
and distinet; tubercles plain, in two vertical series on each side
of the median line, others near the ambitus ; low granules often
forming ridges.

Interradia broad; plates low; two persistent vertical rows of
plain scrobiculate primaries larger than those of the ambulacra ;
at the ambitus two or more vertical rows occur besides, but are
lost actinally and dorsally. Large granules with mamelons oceur,
and a row near each poriferous zone has coste passing towards
the pairs of pores and also to the scrobicules of the neighbouring
primary tubercles. Grooves along the upper and lower sutures
of the interradial plates near the median line.

Peristome circular; branchial incisions well developed, with
thick everted margins.

Fossil. Eocene : Asia.

This is a very synthetic genus, and links the Diadematidse and
the Temnopleuridze.
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V. Family CYPEOSOMATID A&,

Test moderate in size, circular or subpentagonal in tumid
marginal outline, depressed, rarely subconical, highly orna-
mented ; plates moderate in number or numerous.

Apical system very variable in size, shape, and structure, com-
pact, or with some or all radials intervening between the basals,
and the posterior basal intruding upon the posterior inter-
radium ; with the periproct posterior, and its plates either few
or numerous and hexagonal ; arms posterior; the madreporite
in the right anterior basal.

Ambulacra with high compound plates, with from three to
seven pairs of pores in an arc; near the apical system, and ex-
tending variously actinally, a biserial arrangement of the pairs, or
not ; pairs crowded or not at the peristome. The adoral and
supra-adoral components are primaries, and the others demi-
plates. Two vertical rows of primary tubercles. (Duncan, 1885,
Amb. Foss. Ech., Quart. Journ. Geol. Soc. p. 447.)

Interradia usually depressed dorsally, with bare median spaces ;
rows of tubercles variable in number, larger than those of the
ambulacra.

Peristome moderate and large, with branchial incisions. Spines
long and short, solid, some as needles ; striated longitudinally.

This family subdivides with difficulty; and the two groups of
it are not of subfamily value.

Division I.
Genus Cyphosoma.
Subgenus Leiosoma.
Genus Coptosoma.
Gauthieria.
Thylechinus.

Division II.

Genus Micropsis.
Subgenus Gagaria.

Division 1.

Species with and without a diplopodous poriferous arrange-
ment cannot be placed in the same genus; and therefore only
the diplopodous species remain in the genus Cyphosoma as
now constituted. Moreover, the genus now includes the species
with the apical system encroaching upon the posterior inter-
radium. Cotteau has found the details of the apical system; and
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the typical arrangement is seen in C. Delmarrei, Pal. Frang.,
Terr. Crét. vol. vii. pl. 1140; see also C. Foukanense, Péron &
Gauth. Foss. de I’ Algér. fase. 7, pl. vi. fig. 8.

Genus CypHOsOMA, Agassiz, 1840, Catal. Syst. Ectyp. Eech. p.19.
Desor, 1858, Synopsis, p. 86.  Wright, 1869, Pal. Soc., Foss.
Cret. Eoh. vol. i. p. 128. A, Agassiz, 1878, Revision, p. 487.
Duncan & Sladen, 1882, Pal. Ind. ser. xiv., Foss. Ech. .
Sind, p. 81.  Duncan, 1885, Quart. Journ. Geol. Soc. vol. x1i.
p- 447. J. Lambert, 1888, Bull. Soc. d. Sci. Not. de I Yonne,
1 Semestre.

Syn. Phymosoma, Haime.

Test moderate in size, tumid at the circular or slightly poly-
gonal ambitus, swollen but depressed dorsally and actinally,
broader than high. Coronal plates few, their sutures distinet
superficially.

Apical system large, with five basal plates; the madreporite in
the usual plate, and all or some of the radial plates entering the
periproctal ring, the posterior basal thrown more or less back-
wards and intruding upou the posterior interradinmn,

Ambulacra with well-developed poriferous zones, undulating ;
pairs of pores diplopodous abactinally, and in ares of from four
to six or more pairs, and more crowded still at the peristome ;
plates compound, high, formed of an adoral, a supra-adoral, and
an aboral primary component, the other plates of the compound
being demi-plates; the direction of the sutures of the primary
plates of the compound is convex towards and on the boss of a
large tubercle, the sutures usually being visible on its flanks.
Two vertical rows of primary tubercles.

Interradia large, with two or more vertical rows of primary
tubercles equal to or larger than those of the ambulacra and
similar in their constitution, being imperforate and crenulate.
Secondary tubercles exist, and small tubercles or granules in
large numbers, the median areas often bare for some distance
from the apical system.

Peristome small or moderate ; branchial incisions well marked.
Spines solid, long, subcylindrical, aciculate, or spathiform, straight
or bent spoon-shaped, striated or smooth; milled head and
acetabular cuts distinet.

Fossil. Oolite: Europe. Cretaceous: England, Europe, N.
Africa, Asia. Focene: Asia.
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Subgenus Luiosoya, Cotteanw § Triger, 1859 (genus), Ech. du
Dépt. de la Sarthe, p. 2717, pl. xlv.; 1881, with Péron et
Gauthier, Ech. Foss. de UAlgér. pt. 2 of fase. 8, p. 141,
figs. 7-11.

Syn. Gomphechinus, Pom. ; Micropeltis, Pom.

The primary tubercles are plain, and neither crenulate nor
perforate. Pairs of pores biserial throughout, or not so at the
ambitus ; several rows of interradial primary tubercles, or two
only. ' _ '
Fosstl. Oolitic: Europe. Cretaceous: Europe and N, Africa.

Geenus Coprosona, Desor, 1858, Synopsis, p. 91. Duncan &
Sladen, 1882-86, Peal. Ind. ser. xiv., Foss. Ech. W. Sind,
pp. 116-117, pl. xxii. Duncan, 1885, Quart. Journ. Geol.
Soc. vol. xli. p. 447. Lambert, 1888, Bull. Soc. d. Sci. Nat.
de U Yonne (extrait), p. 7.

Syn. Cyphosoma (pars).

Test moderate, subconical, or depressed dorsally, tumid at the
ambitus. Coronal plates few in number.

Apical system flush, intruding somewhat upon the posterior
interradial spaces ; one or more radial plates may enter the sub-
circular or deformed periproctal ring ; periproct somewhat thrown
back.

Ambulacra with uniserial pairs of pores, and in ares throughout ;
plates formed of more than three components, uniting after the
Cyphosomatoid type.

Interradia with two vertical rows of primary tubercles, crenu-
lated, and with several small secondaries upon each broad and
comparatively low plate, larger than or of the same size as the
primaries of the ambulacra; sutures may be visible, and the
tubercles may be deficient dorsally.

Peristome moderate to large, with branchial incisions.

Fossil. Cretaceous : Europe, N. Africa, N. America. Eocene :
Europe and Asia.

Recent. Japan.

The genus differs from Cyphosoma ; for it is not diplopodous,
and the poriferous plates have more than three components. Tt
appears that very probably the recent Phymosoma=Cyphosoma
crenulare, A. Ag., and also De Loriol’s C. Mortoni, should come
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in here. Unfortunately the name of the genus refers to cuts or
sutural impressions upon the tubercles; and these are not cha-
racters of any importance. The fine Sindian forms of Cyphosoma
macrostoma, Dunc. & Slad., and C. undatum, Dunc. & Slad., are
now species of Coptosoma. C. Joudi, Péron et Gauth., should
enter.

The genus Microsoma, Cotteau, 1886, Bull. Soc. Zool. de France,
vol. xi. p. 715, is so doubtful on account of the bad condition of
its specific type, that it is simply recorded.

Genus GavraIERIA, Lambert, 1888, Bull. Soc. d. Sci. Nat. de
U Yonne,1 Semestre (extrait), p. 7.

Syn. Cyphosoma (pars).

Test moderate, subcircular or subpentagonal, moderately
tumid.

Apical system largely developed, pentagonal, with the posterior
angle extending well into the corresponding interradium; the
basal plates unequal ; the madreporite in the largest and anterior
lateral basal; the other lateral basals more or less hexagonal, and
at the angles of the system the posterior basal forming a narrow
rim to the posterior angle, and limiting the posteriorly excentric
anus ; radial plates large, all entering and separating the
basals. Periproctal area large, and occupied by seven or more
hexagonal plates, forming a closed area anterior to the circular
anus.

Spines long, cylindrical, finely striated longitudinally.

TFossil. Cretaceous : England and Europe.

In one solitary instance this remarkable apical system has
been preserved and described, thanks to M. Lambert; in all
others there is only a large vacant space. The genus includes
the former Cyphosoma radiatum, Sorginet (subradiatum), 1850,
and its synonyms C. simplex and C. spatulifera, Forbes, and
0O. perfectum, Cottean.

M. Lambert has founded a genus, or rather suggests the recog-
nition of a genus of M. Pomel for Cyphosome pulchellum and
C. Said and many others.

In agreeing with M. Lambert’s intelligent scheme, it is neces-
sary to draw attention to M. Pomel’s definition, which contains
the statement that the upper part of the “interambulacrales ™ is
more or less depressed “en gouttiére ”’ in the males, and hollowed
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“en marsupium ” in the females. This is not quite capable of veri-
fication ; but it has nevertheless originated the name of a genus,
Thylechinus.

Genus Tuyrrcminus, Pomel, 1883, Théses, Class. Méth. p. 91.
Lambert, 1888, Extr. Bull. Soe. d. Sei. Nat. del’ Yonne, p. 11.
(Amended.)

Syn. Oyphosoma (pars), Cott., Pér. et Gauth. 1881, Ech. Foss.
de TAlgér. fase. 8, p. 172, pl. xix. figs. 3-10 (Cyphosoma
Said).

Test with a compact symmetrical apical system ; radial plates
excluded.

Ambulacral plates having three components and three pairs of
pores in simple series only. Pairs of pores uniserial throughout;
the interporiferous areas with two vertical rows of crenulated
tubercles smaller than those of the interradia.

Interradia with two vertical rows of large primary tubercles
crenulated. The median areas more or less depressed dorsally.

Peristome large ; lips unequal ; branchial incisions slight.

TFossil. Cretaceous: Europe, N. Africa.

For the generic position of Cyphosoma Heinzi, Pér. et Gauth.,
see p. 83.

Division 11.

The genus Micropsis, Cotteau, 1855-56, was diagnosed so as to
include M. Desori, which has four vertical rows of ambulacral
tubercles, and the pairs of pores in ares of four ; the interradial
plates very wide and rather low, with a primary tubercle and
three small primaries on one side, and two on the other on each
plate. There is no doubling of pairs, and the branchial incisions
arve small ; but the number of coronal plates is great. It is like
a Coptosoma with a considerable number of coronal plates.

A species, Micropsis microstoma, has three vertical rows of
tubercles and five or six pairs of pores in ares, toa plate. Again,
M. Leymerii has only two pairs of vertical rows of tubercles and
three pairs of pores to a plate. All the radial plates enter the
apical ring. We do not understand how 2L globose, Cott., and
M. leridensis, Cott., can be associated with the type species in
the same genus. The Micropsis we described from the Nummu-
litic of Sind has many of the characters of, but the structure of
the ambulacra differs from, M. Cottean’s type.
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M. de Loriol (Ours. Tert. de la Suisse, Pal. Soc. Suisse, 1875,
vol. ii. p. 16) considers Micropsis to be synonymous with the
Cyphosomatoids with uniserial pairs of pores (Copfosoma); but the
height of so many of the tests of Micropsis, the considerable
number of the coronal plates, and the small size of the primary
tubercles are distinctive. Nevertheless it is evident that mot
only are there species of Coplosoma in Cottean’s list of Micro-
psides, for instance L. leridensis, but some require elimination
from the family, for instance 2. Vidoli, Cott., which is alto-
gether aberrant.

The ambulacra of the species with four pairs of pores to a
compound plate, such as the type species L. Desori, have not the
component plates of their symmetrical compound plates arranged
as in the genera Oyphosoma and Coptosome ; on the contrary, the
arrangement resembles that of the species of Placodiadema (p. 64),
which have numerous components to an ambulacral plate. The
compound plate is high, and is composed of a small, low, broad
adoral primary, very low at the median suture of the compound
plate; or it may be a demi-plate ; next comes a large primary,
comprising most of the tubercles and the angle of the median
suture ; then succeed aborally, two low broad primaries, their
adoral sutures being rather curved, convexity adorally. (See
Quart. Journ. Geol. Soc. vol. xli. p. 431, fig. 8.) This arrange-
ment may also oceur when there are five pairs of pores toa com-
pound plate; and then the last pair of pores is in a low broad
primary, which resembles the aboral primaries of the other
plate. This kind of arrangement is not seen in any species of
Cyphosoma ; and therefore there is a good physiological difference
between the species with numerous pairs of pores and those
with few which have been included in Micropsis and Cyphosoma
or Coptosoma.

The species with three pairs of pores in an ambulacral plate
may be grouped around Micropsis venustulo, Dunc. & Sladen,
1884, Pal. Ind. ser. xiv., Foss. Ech. Sind, p. 119, pl. xxii. figs. 1-7.
The apical system has large basal plates ; a radial enters the ring,
and the periproct is large and deformed ; the amulacra are narrow,
and have two vertical rows of small perforate and crenulate pri-
mary tubercles and two vertical rows of secondary tubercles;
the plates are high and compound ; the adoral plate is a large
primary carrying the bulk of a tubercle, and the other plates,
placed aborally to it, are low broad primaries. The difference
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between this arrangement and that already noticed is that in the
instance of the plates with more than three pairs of pores the
adoral primary is added, as it were, to the compound.

The interradia have only two vertical rows of primary tubercles,
very slightly larger than those of the ambulacra; and there are
two vertical rows of small secondary tubercles.

Micropsis Leymerii, Cott., and M. d’Orbignii, Cott., appear to
be associated with this Sindian species in a little group which is
hardly worthy of more than a subgeneric title (see Gagaria).

A new genus or subgenus is required for M. Vidali, Cott. ; for as
we define the species it is a Psammechinus with crenulate tubercles.

Having made these necessary remarks, we proceed to give
the diagnosis of Micropsis, which is transitional between the
Cyphosomatide and the Diadematidze.

Genus Microests, Cottean, 1855, Lch. Foss. des Pyrén., Bull. Soc.
Géol. de France, sér. 2, vol. xiii. p. 826 ; 1882, Bull. Soc. Zool.
de France, vol. vii. p. 411. Duncan and Sladen, 1884, Pal.
Ind. ser. xiv., Foss. Ech. of Sind, p. 119. (Amended.)

Test of variable size, circular or slightly polygonal in tumid
marginal outline, tumid dorsally, subconical, subhemispherical
or depressed, concave actinally.

Apical system flush, with a large periproct, large basals, and
one or more of the radial plates may or may not enter the ring.
Coronal plates rather numerous. '

Ambulacra with small primary tubercles, perforated and ere-
nulated, in two or more vertical rows ; pairs of pores from three
to five in number ; plates compound ; the aboral components low
and broad, with adoral sutures convex adorally, and the adoral
component a large primary carrying the tubercle ; alow primary
or a demi-plate may or may not form the lowest part of the com-
bination.

Interradia with many or few vertical rows of primary tubercles
and secondaries.

Peristome small; branchial incisions well developed. Spines
slender, long, subeylindrical, striated longitudinally, sharp.

Fossil. Cretaceous: Europe. Eocene: Europe, Asia, Egypt.

Subgenus Gaearta, Duncan.

Syn. Micropsis (pars).
Tests with two vertical rows of primary tubercles in each area,
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and with only three pairs of pores in each compound ambulacral
plate.

Fossil. Cretaceous : Europe. Eocene: Asia (Sind).

The specific type is Gagaria (Micropsis) venustulo, Dunc. &
Sladen, 1884, Pal. Ind. ser. xiv., Foss. Ech. W. Sind, pt. iii.
p. 119, pl. xxii. figs. 1-7, from the Nummulitic.

M. Lambert, 1888, Bull. Soc. d.Sci. Nat. de I'Yonne (extrait),
contains some excellent remarks bearing upon M. Pomel’s sub-
division of Cyphosoma.

VI. Family ARBACIID B, Gray. (dmended.*)

Test moderate in size, subhemispherical or subconical, depressed
dorsally, flat actinally; epistroma with granules, projecting
ridges, grooves, sessile glassy knobs, elongate or rugose, and
tall, especially on the bare dorsal interradial median areas.

Apical system large; the periproct oval and oblique; the
periproctal plates four, rarely more, triangular; the radial pores
adoral, double.

Ambulacra straight, narrow, expanding near the peristome ;
pairs of pores simple or in large arcs, or crowded actinally ; the
plates compound near the ambitus, the middle component a large
primary ; the adoral and aboral being demi-plates with very
curved sutures, their direction being nearly vertical towards the
ambulacral median line ; or the primary is adoral and the demi-
plates are aboral to it.

Interradial plates with several or few vertical series of primary
imperforate, non-crenulated tubercles, usnally larger than those
of the two rows of the ambulacra; with expanded bosses. Ten-
tacles heteropodous. Spheridia solitary or numerous.

Peristome large, incurved at the sides of the ambulacra, and
with branchial tags. Teeth keeled. Jaws with the pyramidal
foramen open above. Plates united along the vertical sutures
by dowelling, some of the projections may be large and lamellar.

Genus Arbacia.
Echinocidaris (gen. nov., non auct.).
Celopleurus.
Podocidaris.

* For the structures noticed in this definition, see Duncan and Sladen,

Journ. Linn. Soc. vol. xix. 1885, pp. 25 ¢f seq. ; and Lovén, 1887, Ech. descr. by
Linnzeus, pp. 80 ef seq.
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Genus ArBacts, Gray, 1835, Proc. Zool. Soc. p. 58. Troschel,
1872, Arch. f. Naturg. vol. xxxviii. p. 293; 1872, vol.
xxxix, p. 808. 4. Agassiz, 1874, Revision, pp. 263, 399.
Bell, 1879, Proc. Zool. Soc. p. 436. Duncan & Sladen,
1885, Jowrn. Linn. Soc. p. 48. Lovén, 1887, Ech. descr. by
Linneus, p. 80. (Amended.)

Syn. Echinocidaris, Desmoulins, 1835, Liitken, 1863 ; dgarites,
Agassiz, 1841 ; Pygomma, Troschel, 1873.

Test moderate, thick, subcircular at the tumid ambitus, sub-
hemispherical, depressed dorsally, flat actinally.

Apical system large, prominent ; basals projecting into the
interradia, long; radials entering or not the ring, the pore
adoral double; all plates ornamented with epistroma ; periproct
oval, oblique, with four triangular periproctal plates (sometimes
three to five).

Ambulacra straight, narrow to the ambitus and larger there
and at the peristome and with a projecting lip; poriferous
zones moderately narrow, and the pairs of pores in simple pairs
dorsally, then in arcs of three and polyserial at the peristome;
plates low primaries dorsally, then compound with a large median
plate and an adoral and an aboral demi-plate, their inner sutures
nearly vertical and curving upon the tubercle. Tentacles hetero-
podous.

Interradia with bare median dorsal areas nearthe apex;, elsewhere
with from three to seven vertical rows of plain primary tubercles
on each side of the median line, more or less oblique, larger than
those of the two vertical rows of the ambulacra, all diminishing
in number and size dorsally. Epistroma greatly developed.
Secondary tubercles absent.

Peristome large, tags or lamelle for the branchize ; ten buccal
plates. Perignathic girdle with ridges, the ambulacral processes
moderate but not arched. Jaws with the foramina of the
pyramids open ; teeth with a kecl. Spines long, moderately stout,
some spathiform, cellular within, may have a “ cap.” Pedicellariz,
some with large glands on their stalks. Plates of the test
united at the vertical sutures by partial dowelling, some of it
coarse. A solitary spheridium in each ambulacrum in alarge pit.

Fossil. N. America, Tertiary ? (The European Miocene spe-
cies i3 a Psammechinus.)

Recent. Florida, Caribbean Sea, Long Island to Yucatan,
Brazil, Straits of Magellan, Patagonia, Chili, Peru, Panama,
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California, Kerguelen, Philippines, W. coast of Africa, Canaries,
Cape de Verd Is., Azores, Mediterranean.

Genus EcnIxocIDARIS, gen. nov. (non Desmoulins). Duncan &
Sladen, 1885, Journ. Linn. Soc. vol. xix. p. 53. Lovén,
1887, Hch. descr. by Linnceus, pp. 81 & 95.

Syn. Arbacia (pars). (Echinus niger, Molina.)

Test regularly arched, circular in ambital outline, much wider
than high, gibbous in the interradia at the ambitus. Some radial
plates enter the oblique, elongate periproctal ring, and are
usually small or as little knobs ; periproctal plates normally four.

Ambulacra narrow abactinally, and very wide at the peristome ;
two rows of plain primary tubercles, separated by miliaries;
plates, when compound, consisting about the ambitus, of four or
five components, a large primary plate being adoral, the others all
demi-plates, with more or less vertical inner sutures, are aboral.
Pairs of pores polyserial at the peristome.

Tnterradia with high coronal plates above the ambitus, each
with a large tubercle near the poriferous zone, and four smaller
which extend towards the median suture, and are near the
adoral sutures; minute secondary tubercles placed above the
primaries. Near the peristome the plates are low, and there
are many vertical rows of primaries, packed closely and without
very definite order.

Peristome large, interradial ends very small, branchial cuts
broad. One large pit for a single spheridium in each ambulacral
median line near the peristome. Spines short on the dorsal
part of the test except along the poriferous zomes, where they
are long. Tentacles heteropodous. Epistroma moderate.

The union of the vertical median sutures, and also between the
ambulacra and interradia, is by dowelling and dovetailing ; some
plates have lamellwe or triangular prominences on their edges and
the opposed plate-edges are correspondingly holed.

Recent. Patagonia and Peru.

Genus CaLoPLEURTS, Agassiz, 1840,'Cat. Syst. Betyp. Ech. p.19.
Desor, 1858, Synopsis, p. 96. A. Agassiz, 1874, Revision,
p- 267. Duncan & Sladen, 1883, Pal. Ind. ser. xiv., Foss.
Ech. Kachh and Kattywar, p. 53 ; 1884-85, Sind, Nari series,
pp- 251 et seq. ; 1885, Journ. Linn. Soc. vol. xix. p. 27.

Test moderate in size, tumid and more or less circular in out-
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line at the ambitus; subconical or depressed dorsally, flattish
actinally.

Apical system large, with an elongate periproct with four or
more large triangular plates; basals large, united; radial plates
with a double perforation on the adoral edge.

Ambulacra narrow, with two vertical rows of primaries on flat
scrobicules with well-developed bosses and mamelons, imperforate
and non-crenulate, diminishing in size towards the apex and
sometimes replaced there by granules. Poriferous zones narrow ;
pairs of pores in arcs near the ambitus and abactinally, some on
the flanks of the tubercles, becoming slightly crowded actinally.
Plates, primaries near the apex and becoming triple compound
plates near the ambitus, consisting of a middle large primary
plate and adoral and aboral short demi-plates; the sutures of
the demi-plates and the middle primary bent on the flanks of
the tubercle and then directed vertically adorally and aborally.
Tentacles heteropodous.

Interradia with a large bave ornamented median area
abactinally, and having the primary tubercles largest at the
ambitus and diminishing in size towards the apical system or
disappearing, placed on flat scrobicules, imperforate, and without
crenulation, surrounded with granules.

Peristome with small branchial incisions and long tags; buccal
membrane rugose near the teeth, with 10 small buccal plates,
covered with pedicellariee and with large disked tentacles, other-
wise the membrane is bare. Perignathic girdle slender, ridges
broad and low; the ambulacral processes moderate and usually
arched. Teeth keeled. Dowelling occurs between the apical
plates and between the interradial plates. Pits with spheridia
at the median sutural junctions of the ambulacral plates near the
peristome. Pedicellariee with glandular stems.

The epistromal ornamentation very generally developed; the
furrows and ridges and long lines of granules elongate or not,
and in zigzag, by the side of and across the interradial bare spaces,
and S-shaped bands occur in some species; the apical system
also ornamented. Spines long, curved, more or less triangular in
outline, cellular within, those of some primary tubercles very
long, some spathulate.

Fossil. Bocene: England, Europe, N. America. Oligocene
and Miocene : Europe, Asia.

Recent. Florida, the Caribbean Sea, Bourbon, Philippines,
Amboyna, Indian Archipelago.
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Genus Popoctparts, 4. Agassiz, 1869, Bull. Mus. Comp. Zodl. ;
1872, Revision, p. 269 ; 1881, Report on ¢ Challenger’ Eckh.
p. 59 ; 1883, Report on ‘ Blake’ Ech. p. 22.

Test moderate in size, pentangular or circular in tumid mar-
ginal outline, regularly arched but depressed abactinally, faintly
tumid actinally around the large depressed peristome.

Apical system with large basal and radial plates ; periproct
small, with four or five triangular plates; anus at their inner
points.

Ambulacra rising above the general level, broadest at the
ambitus, and about equalling the interradia at the peristome.
Primary tubercles plain, seen at the ambitus and actinally only,
the rest of the interporiferous area being furnished with short
sessile spines, with or without pits at their bases. Pairs of pores
in simple series.

Interradia broad at the ambitus, and having the primary
tubercles at the ambitus and actinally, the rest of the surface
with sessile spines similar to those of the ambulacra.

Peristome large, pentagonal, depressed, with branchial incisions.
Tentacles prehensile from the peristome to above the ambitus,
and pointed and branchial abactinally. Peristomial membrane
with buceal plates. Articulated spines restricted to the ambitus
and under surface of the test, short and fusiform, or long and
slender, striated, serrate, others without a socket and continuous
with the test.

Recent. Caribbean Sea, 150 to 590 fathoms, and Philippines,
1050 to 1075 fathoms.

VII. Family TEMNOPLEURID A&.

Regular, ectobranchiate gnathostomes, with the teeth keeled,
the pyramids of the jaws having epiphyses closing the foramen,
the external branchiz tufted or dactylose; the ambulacra with
triple compound plates and subhomoiopodous tentacles; the
suture of the ambulacral and interradial plates and of the apical
system grooved and may be pitted, or there may be a raised
ornamentation, costulate or reticulate or in ridges, the sutures
being furrowed or not. Plates united by dowelling.

Subfamily Glyphocyphine.

Tumid tests with a large apical system, the basals low, and
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either some or all the radial plates entering the periproctal ring,
" or the system is compact. Ornamentation raised, costulate or
reticulate, with or without sutural furrows; sutural pits absent.

Subfamily Zemnoplenwrine (p. 106).

Tumid or spheroidal tests with a compact apical system, the
sutures grooved and pitted, “undermined” or not, the plates
highly ornamented and united by dowelling.

Subfamily Glyphocyphine.

This subfamily may be divided artificially, into genera with large
apical systems into the ring of which some radial plates enter, and
into genera with solid apical systems.

Genus Glyphocyphus.
Dictyopleurus.
Arachuniopleurus.
Ortholophus.
Paradoxechinus.
Echinocyphus.
Zeuglopleurus.
Lepidopleurus.
Leiocyphus.
Coptophyma.
Trigonocidaris.

Cenus GLYPEOCYPHUS, J. Haime, 1853, Anim. foss. de U Inde,
p. 208. Desor, 1858, Synopsis, p. 102. Cotteau, 1859, Eich.
duw Dépt. de la Sarthe, p. 158, pl. xxviii. ; 1862-67, Pal.
Frang., Terr. Orét. vol. vii. p. 531; Bull. Soc. Zool. de
France, 1886, p. 86. Duncan & Sladen, 1882, Pal. Ind.
ser. xiv., Foss. Heh. W. Sind, p. 86.

Test small, more or less tumid at the ambitus, broader than
. bigh, depressed spheroidal. Coronal plates moderately nume-

rous. Epistroma highly developed.

Apical system large, all the basals and radial plates entering
a narrow periproctal ring; madreporite small, punctures dis-
tinet ; pore of the radial plates adoral ; periproct large, elongate,
ovoid.

Ambulacra narrow, straight, with two vertical rows of small,
LINN. JOURN.—ZOOLOGY, VOL. XXTIIL. 7
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perforate, crenulate, primary tubercles, largest actinally; boss
spreading, mamelon globose and prominent, placed upon the
aboral third of a plate; miliaries abundant, those nearest the
tubercle elongate, and radiating more or less towards other
miliaries which encircle them, arrangement confused further
away. Plates high, compound, usually three pairs of pores and
rarely four to a compound plate, almost in straight series or
slightly in arcs; component plates are low, broad primaries with
straight transverse sutures. On the tumid actinal surface a few
large tubercles exist and sometimes alternate ; they have distinctly
radiating, long miliaries, resembling short coste, between the boss
and the usual circle of miliaries.

Interradia broad, with two vertical rows of primary tubercles,
resembling, but slightly larger than, the ambulacral ; a few secon-
dary tubercles may exist; miliary tubereles numerous, irregularly
placed near the edges of the plates, in circles around the bosses
and united to them by more or less elongated ridges; a costa-
like projection, or several, placed adorally to the primary tubercles,
arising from them or from the adoral edge of a circle of sur-
rounding miliaries, and thence extending to, or over, the adoral
coronal suture of the plate. Tubercles and their surrounding
radiations and eircle of miliaries largest and most distinet actinally.

Ambulacral and interradial transverse sutures grooved, espe-
cially actinally to the tubercles, and the median sutures also.

Peristome small, sunken, with very slight branchial incisions.

Fossil. Cretaceous: England, Europe, and N. Africa. Middle
Yocene : Europe. Upper Tertiary ?: Europe.

A comparison of the drawings of Glyphocyphus radiatus, Honing.
sp., in the works of Desor, Cotteau, and Wright will satisfy most
students that either the variation of characters must be con-
siderable or the details of structure have been drawn from
indifferent specimens. Having had the advantage of examining
perfect specimens, some of which are in the National Collection,
it appears that the amount of variation is not great. Itamounts
to a stouter condition of the invariably narrow apical ring
around the large periproct, especially of the anterior plates, the
presence of an extra pair of pores in some ambulacral plates, a
larger development of the ambulacral tubercles actinally, and
the presence or absence of one or more short costa-like projec-
tions, placed adorally to each interradial tubercle. The grooving
of the transverse sutures of the interradial coronal plates is not
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a simple deepening along the line of suture, for the furrow is broad.
In every specimen there is more of the radiation of the miliaries
from a tubercle than is given in any drawing hitherto published,
and the miliaries are much more crowded and irregular in shape
than has been figured.

The raised nature of the epistromal ornamentation is seen
around the spaces which occur along the transverse and the
vertical sutures in well-preserved British specimens; it gives a
very Temnopleurine appearance to the test. The figure given
by Cotteau, Pal. Frang. vol. vii. pl. 1128, figs. 16-22, of G. ru-
gosus shows the tubercles with four or five coste projecting
adorally instead of one, and recalls Opechinus, Desor. The
sutures in this species are partly, but well grooved near the
angles of plates.

Genus Dicryorrevrus, Duncan & Sladen,1882, Pal. Ind.ser.xiv.,
Foss. Ech. W. Sind, p. 38.

Test small, hemispherical above, slightly concave actinally,
more or less turban-shaped. Epistroma well developed.

Apical system : periproct oblique, elongate, elliptical, with a
raised edge ; basals unequal, with depressions between the fora-
mina and the ring; radial plates large, some enter the narrow
ring.

Ambulacra narrow, straight, pairs of pores in straight series ;
tubercles of the interporiferous area very small, in two vertical
rows close to the poriferous zones, indistinetly crenulate and
perforate, united by a zigzag of raised broad or narrow ridges.
Each tubercle is connected with two of the opposed row, and
with the tubercles placed above and below, by a raised rib-like
ornamentation.

Interradia broad, with two verlical rows of primaries resembling
those of the ambulacra, but more distinetly perforate and crenu-
Jated, united with those of the opposed row by a broad or narrow
oblique or longitudinal, raised, granulated or not, series of coste,
and with the tubercle immediately above and below by means
of a narrow vertical costa; the tubercles are raised above the
common level. The sutural lines between the plates of both
areas are visible, and are plain and not sunken.

Peristome small, and the branchial incisions also.

TFossil. Eocene: Asia (W. Sind), Africa (Egypt).
e



100 PROF. P. M. DUNCAN’S REVISION OF THE
Genus ARACHNIOPLEURUS, Duncan & Sladen, 1882, Pal. Ind.
ser. xiv., Hoss. Hch. W. Sind, p. 42.

Test depressed, tumid at the circular ambitus, rising but
slightly abactinally. Epistroma well developed. Apical system
large, defective.

Ambulacra narrow ; pairs of pores in slight arcs, penetrating
ridges which are continuous with radiating costz coming from
the scrobicular circle of the raised, small, perforate, crenulate
tubercles of the interporiferous area. Tubercles of both areas
in two vertical rows, each on a raised scrobicule from which
radiate costw, and the ends of these are surrounded by a circle of
raised rib-like structure, carrying large granules. The circle gives
off radiating costz externally, some of which reach the circles of
the opposed row of tubercles and others pass to the poriferous
areas. Vertically the circles are more or less in apposition,
Plates and sutures visible between the raised ornamentation.

Peristome small, deeply seated ; branchial incisions small.

Tossil. Bocene: Asia (Sind).

Gtenus Orruorornus, Duncan, 1887, Quart. Journ. Geol. Soc.
vol. xliii. p. 414.

Test small, low, more or less pentagonal in marginal outline,
subconical above the tumid ambitus. Epistroma well developed.

Apical system wanting. Periproct small and circular.

Ambulacra half of the width of the interradia at the ambitus,
straight, with slightly sunken poriferous zones ; pairs inill-defined
triplets, nearly in straight series, appearing on the actinal flanks
of the costulation. Compound plates made up of a middle demi-
plate and an adoral and aboral primary. A vertical row of small
imperforate, non-crenulated primary tubercles is close to the
poriferous zone in the interporiferous area; and the space
between the rows is occupied by crowded, transverse, ridge-like
costee, passing from the opposite tubercles and carrying small
secondaries.

Interradia with two vertical rows of primary tubercles, of the
same size and shape as those of the ambulacra ; their scrobicules
raised, united with those placed actinally and dorsally by vertical,
straight costee, and with those of the opposite row by numerous

crowded, transverse, straight coste with small secondaries upon
them. '
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Peristome small, almost without cuts.
Fossil. Australian Tertiaries (Movdialloc).

Genus PARADOXECHINUS, Laube, 1869, Sitzungsb. d. kais. Akad.
d. Wiss. Wien, Bd. lix. p. 186, fig. 2. (dmended.)

Syn. Coptechinus, Cotteau, 1883.

Test small, depressed, much broader than high, tumid at the
ambitus and slightly pentagonal in marginal outline, flat actinally.
Epistroma well developed.

Apical system wanting, but was large, wide, and circular.

Interradia moderately broad, with a vertical row of primary
tubercles near the ambulacra ; the successive tubercles are united
by a narrow fillet or ridge on which are two rows of small
secondaries or large granules, and there is a zigzag of fillets com-
posed of double rows of similar secondaries or granules between
the opposite vertical rows of primary tubercles; moreover a
zigzag exists, of corresponding structure, between the interradial
and the ambulacral tubercles.

The ambulacral primaries are in two rows placed vertically,
and there is a zigzag of raised fillets between them as in the inter-
radia. The width of the ambulacra is very slightly less than that
of the interradia, and the primary tubercles of both areas are sub-
equal, smooth and non-crenulated. The test is deep and flat be-
tween the fillets, and the pairs of pores, three to a plate, in the am-
bulacra are on the deep part of the test and more orlessin grooves.

The peristome is pentagonal, and the branchial cuts are slight.

Fossil. Miocene of Murray Cliffs, S. Australia.

Laube described one species, P. novus, and the dimensions of
the specimen are important. Height 65 millim., diameter
18 millim., diameter of the apical scar 7 millim., diameter of
peristome 4 millim. It is evident that the apical system was
large, and from Laube’s figure it would appear that all the radials
reached between the basals to the periproct.

Cotteau has defined a genus Coptechinus, 1883, * Ech. nouv. ou
peu connus,” Bull. de la Soc. Zool. de la France, vol. viii. p. 456,
from the Miocene of France, and it is synonymous with Para-
doxechinus, Laube.

Genus Ecoinocyerus, Cottearn, 1859, Ech. du Dépt. de la Sarthe,
p. 220, pl. xxxix. bis. fig. 6 ; 1862-G7, Pal. Frang. Terr. Crét.
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vol. vii. p. 707. Whright, 1870, Pal. Soc., Monogr. Brit.
Cret. Hch. vol. 1. pt.iii. p. 116.  Gregory, 1889, Ann. § Mag.
Nat. Hist. ser. 6, vol. iii. p. 490. (dmended.)

Syn. Glyphocyphus (pars).

Test small, tumid in circular or subpolygonal marginal outline,
depressed, subconical or tumid dorsally, tumid actinally. Epi-
stroma well developed.

Apical disk small, with the antero-lateral basal plates narrow
and united ; postero-lateral basals moderate in size, umnited to
the antero-lateral basals, and meeting anteriorly to the periproct.
Posterior basal absent in the type, but its impression left between
the postero-lateral radial plates, both of which enter the peri-
proctal area, denotes that it was broad from side to side and low.
The anterior and antero-lateral radial plates are excluded. Peri-
proct oval in shape, somewhat posterior.

Ambulacra straight, narrow, with some high plates placed
abactinally to very low omes; two vertical rows of imperforate,
crenulate, primary tubercles ; mamelon globose, boss expanded,
small abactinally, largest below the ambitus, where sometimes
one may occupy nearly all the breadth of an ambulacrum;
surrounded by stout and irregularly placed miliaries, or by com-
pressed ridges which radiate from the tubercles. Poriferous
zones narrow, pairs in very slight arcs, usually in triplets, and
then the plate is made up of three low primaries with straight
transverse sutures; or with four or even five pairs, but then the
fourth and fifth pairs are in low primary plates independent of
the high compound one. There may be some grooving of the
ambulacral sutures and a continuity of ridges between the eleva-
tions, on which pairs of pores are placed, and ridges coming from
the eircular rows of miliaries around the interradial tubercles.

Interradia with two vertical rows of primary tubercles slightly
larger than, but otherwise resembling, those of the ambulacra ;
miliaries radiating from the primaries compressed from side to
side, or tear-shaped. The larger tubercles are actinal, and usually
they have a circle of granules around the radiating series of com-
pressed miliaries. Transverse coronal sutures simply and narrowly
grooved.

Peristome small, sunken, with very small branchial incisions.

TFossil. Cretaceous: England, Europe.
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Genus ZEUGLOPLEURUS, Gregory, 1889, dun. & Mag. Nat. Hist.
ser. 6, vol. iii. p. 494.

Syn. Hehinopsis (pars); Echinocyphus (pars); Glycocyphus
(pars).

Test small, globular, depressed below, slightly conical above ;
sides tumid. Epistroma well developed.

Apical disk somewhat solid, the two postero-lateral radial plates
enter the periproctal ring; the antero-lateral pair of basal plates
meet the adjoining basals, and thus the antero-lateral and anterior
radial plates are excluded from the ring, while the periproct is
pushed towards the posterior end; the posterior basal is very
narrow. All plates perforated by the madreporite.

Ambulacra somewhat narrow and straight. Each bears two
rows of primary tubercles, which are slightly smaller than those
of the interradia, and are crenulate, imperforate, and surrounded
by small scrobicules, broken by series of radiating .costulate
ridges which unite with those of the adjoining plates above and
below ; the rest of the plate with miliary granules arranged with
some regularity. The horizontal sutures are notched with
grooves much as in Glyphocyphus, which affect especially the
adoral edge of the plate, so that the lower plate projects above
the upper one. In the poriferous zones the pairs of pores are in
single and nearly straight vertical rows; the plates nearest the
apex ave primaries ; but proceeding actinally they become fused
to compound plates of two or three primaries; a single primary
is often intercalated between two compound plates.

Interradia one and a half times as wide as the ambulacra ; the
epistroma similar to that upon the ambulacral plates, but more
developed. A single vertical row of primary tubercles on each
side of each interradium; the tubercles larger than those of the
ambulacra and connected by costulate ridges, and the rest of the
plate is covered with very close miliary granules; a small row of
secondary tubercles may be developed in the aboral external
corner of each plate. Tubercles imperforate and crenulate.

Peristome about equal to the apical disk in size; branchial
slits small.

Fossil. Cretaceous: England, Europe.

The type is Zeuglopleurus costulatus, Greg.
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Genus LepivorLevrus, Duncan & Sladen, 1885, Monogr. Foss.
Ech. W. Sind, Pal. Ind. ser, xiv. p. 306.

Test small, nearly hemispherical or turban-shaped.

Apical system large, solid; basal plates large; radial plates
excluded from the ring, their pores adoral. Epistroma moderate.

Ambulacra small; poriferous zones slightly sunken, pairs of
pores in simple series of triplets; plates composed of an aboral
and larger adoral primary with an intermediate demi-plate ; near
the apical system are a few low primary plates. Interporiferous
area crossed by a zigzag of raised granular ridges, uniting the
tubercles.

Interradial plates scale-like, with the adoral edge overlapping a
corresponding depression on the aboral edge of the actinally
placed plate; two vertical rows of primary, plain tubercles con-
nected by narrow, vertical ridges.

Peristome small, and the branchial incisions small. Transverse
sutural lines sunken.

Fossil. Miocene: Asia.

Genus Lerooveuus, Cotteaw, 1866, Pal. Frang., Terr. Crét.
vol. vii. p. 760, 1862-67.

Test small, circular at the ambitus, tumid dorsally, almost flat
actinally.

Apical system narrow, not solid (judging from the shape of the
space).

Ambulacra with narrow poriferous zones, with simple series
of pairs of pores throughout; plates compound, and in triplets of
primaries. Tubercles of both areas nearly equal, plain, subscro-
biculate, somewhat elongated at the ambitus and dorsally, but
losing this character actinally. Secondary tubercles compressed
and elongate in the vertical direction abactinally, globular acti-
nally. Coronal interradial plates moderate in number (14)), with
more or less deep grooves in the horizontal sutures.

Peristome small; branchial incisions very small.

Fossil. Cretaceous: Europe.

Genus CopropHYMA, Péron et Gauthier, 1879, Ech. foss. de
U Algérie, fase. 5, p. 209, pl. xv. :
Test small, tumid at the circular ambitus, subdepressed dorsally
and flat or slightly tumid actinally.
Apical system well developed, with five large basals completing
the large pentagonal periproctal ring; radial plates large.
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Ambulacra narrow, with granules only in the interporiferous
areas, some having mamelons. Pairs of pores in low, broad
primary plates and insimple series abactinally and at the ambitus ;
actinally the series also persists, but there is a small demi-plate
intercalated close to the median ambulacral suture actinally to
large granules, This plate is sunken and has a pair of pores,
but probably is not in connexion with the ambulacro-interradial
suture.

Interradia with two rows of vertically placed, large, crenulated,
imperforate tubercles, and no secondary tubercles. The trans-
verse sutures below the tubercles are deeply grooved, the base of
the tubercles being affected.

Peristome subcircular, with branchial incisions ; the ambulacral
lips as large as those of the interradia.

Fossil. Cretaceous: N. Africa.

Genus TRIGONOCIDARTS, A. Agassiz, 1869, Bull. Mus. Comp.
Zodl. vol. i.; 1872-74, Revision, p. 289 ; 1881, ¢ Challenger’
Reporg, p. 111.

Test small, thin, regularly arched above, circular in marginal
outline, depressed actinally. Epistroma moderate. '

Apical system ornamented or not, with very large basal plates,
excluding the radial plates from the elongate periproct, which is
covered by four plates, one being much the largest.

Ambulacra with two principal vertical rows of plain primary
tubercles, united together by a reticulation of raised ornamen-
tation, producing the appearance of ridges and furrows; pairs of
pores in straight series.

Interradia with rows of plain tubercles slightly larger than
those of the ambulacra, and joined by the same kind of ornament ;
sutures of the plates either in the furrows between the ridges or
not visible ; small secondary tubercles may be amongst the variable
ornamentation.

Peristome with slight branchial incisions, the actinal membrane
with ten buceal plates and others which imbricate. Spines
moderatély long, slender, striated.

Recent. Florida, Caribbean Sea; Josephine Bank; Kermadec
Islands.

The genus requires more careful working out, and from the
present knowledge of the species it should be classified with the
Glyphocyphine, but it has alliances with the Temnopleurine.
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Subfamily Temnopleunrine (p. 97).

Genus Temnopleurus.
Subgenus Pleurechinus.
Genus Temnechinus.
Salmacis.
Subgenus Salmacopsis.
Genus Mespilia.
Microcyphus.
Amblypneustes.
Goniopneustes.
Holopneustes,

Genus incertze sedis: Grammechinus.

Genus TEMNOPLEURUS, Agassiz, 1841, Monogr. Fich. viv. et foss.,
Preface to Valentin, Anat. Gen. Echinus, p. 7. Herklots,
1854, Foss. de Java (Leide), p. 4, pl.i.  Desor, 1858, Synopsis,
p- 104, A. Agassiz, 1874, Revision, p. 460. Martin, 1880,
Rev. Foss. Lch. Java, Notes Leyd. Mus. vol. ii. pp. 73-85.
J. Bell, 1880, Proc. Zool. Soc. p. 422. Duncan & Sladen,
1883, Pal. Ind.ser. xiv., Ech. Kachh & Kat. p. 54. Duncan,
1883, Journ. Linn. Soc. vol. xvi. p. 850; 1888, Ann. & May.
Nat. Hist. ser. 6, vol. i. p. 109.

Test stout, small and moderate in size, circular or slightly
pentagonal at the tumid ambital outline, subconical and depressed
abactinally, tumid and reentering around the small peristome.
Coronal plates moderately numerous, with much epistroma.

Apical system small, compact, slightly projecting ; basal plates
thick, mostly united, the largest the right anterior containing
the madreporite, which has circulur pores; all have secondary
tubercles for spines and a rather large genital perforation.
Radial plates small, excluded, or one may enter, tumid, broad at
their actinal edge and ornamented above with miliaries and
small tubercles for pedicellarie and spines. Pore situated
adorally and divided externally by a vertical septum; furrows
over the sutures and a deep pit actinally to each radial plate.
Periproct variable in size and in the number and size of its plates *.

Ambulacra straight, narrow ; pairs of pores in slight ares of
threes, the inner pore of a triplet the adoral ; plates rather high,
compound, made up of a large adoral primary containing the adoral

¥* See the variations shown on pl. viii,, A. Agassiz, Revision, in 7, Huardwickii
and 7. Reynoudi and compare with 7' toreumaticus.
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pair of pores, of a small demi-plate with the middle pair of pores,
and an aboral low, wide primary with the aboral pair of pores of
the triplet. Two vertical rows of well-developed primary tu-
bercles in the interporiferous area, and large secondaries ; some
of the smaller secondaries and miliaries placed around the narrow
depressed scrobicule of the primary tubercles, which have a large,
conical, distinctly crenulate boss, and the well-developed mamelon
is smooth and rounded. Tentacles stout and homoiopodous.

Interradia broad, with two vertical rows of primary tubercles
resembling or slightly larger than those of the ambulacra, with
numerous secondary tubercles arranged more or less around them,
and miliaries ; a process actinal to each tubercle.

All the plates of the test, except the component ambulacral
plates, united by a dowelling of kuobs and sockets. The trans-
verse sutures of all plates grooved deeply and widely, either
throughout their length or near the ends ; deep pits at the angles
of sutures and along the ambulacro-interradial sutures, under-
mining much of the test; pits large, in the ambulacral median
line actinally and with large broad-topped spheridia.

Peristome small, branchial incisions very small, branchiz nar-
row, dactylose ; actinal membrane bare, only with ten small broad
tentacular plates ; perignathic girdle well developed, its foramen
small, processes united. Pyramids of jaws with a tall foramen
closed above by epiphyses; teeth keeled. Spines variable, mode-
rate, slender, more or less compressed, striated, with a milled
ring, sharp or blunt at the end, especially actinally. Many
globiform pedicellarize with short stalks and others with long
stalks and long soft processes; similarly stalked small triphylle
in great numbers.

Fossil. Tertiary: Java. Mekran Series: Persian Gulf. Sub-
fossil: Red Sea.

Recent. Japan, Kamtschatka, Philippines, Arafura Sea, Mergui,
Ceylon, China, E. Indian Islands, Persian Gulf, New Zealand.

Subgenus PLEvRECHINUS, Agassiz (genus), 1841, Monogr. & Ech.
viv. et foss., Pref. to Valentin, Anat. Gen. Ech.p. 8. A.
Agassiz, 1873, Revision, p. 464 ; 1881, ¢ Challenger’ Report,
p- 10. Bartin, 1880, Rev. Foss. Hch. Java, Notes Leyd.
Mus. vol. ii. pp. 78-85. Duncan, 1888, Journ. Linn. Soc.
vol. xvi. p. 447.

Test rather high, apical system highly ornamented, grooves of
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the sutures often or not with regular deep portions, and the pits
deep at the angles, or sutures deep and plain, Tubercles plain
or indistinetly crenulated. Knobs and sockets of the dowelling
few in comparison with Temnopleurus.

Fossil. Tertiary: Java.

Recent. Japan; Arafura Sea.

The genus Opechinus, Desor, 1858, Synopsis, p. 107, has several”
shallow pits in each transverse coronal suture, and its author
considers that there are recent and fossil species; amongst the
first he instances none, but probably meant to refer to Plews-
echinus; in enumerating and deseribing the fossil forms he mentions
the so-called Zemnopleuri of the Nummulitic of Sind. It has been
ghown (Duncan & Sladen, Pal. Ind. ser. xiv., Foss. Ech. of Sind,
1882, pt. ii. p. 86, and same series Ech. Kachh & Kattywar, 1883,
p. 54) that the forms described by d’Archiac and Haime were
not from the Nummulitie, but from the higher Tertiaries, and
that they could not be separated from Zemnechinus, Forbes. But
it is quite evident that several of the Temmechini, when rolled
and weathered, show several shallow pits along the transverse
sutures. All the specimens seen by d’Archiac and Haime were
in a most wretched condition, and are still in the musenm of the
Geological Society of London.

‘We do not consider that Opechinus is a good genus.

Genus TEMNECHINUS, Forbes, 1852, Pal. Soc., Monogr. Brit. Tert.
FEch.p.5. Desor,1858, Synopsis, p.105. A. Agassiz, 1872—
74, Revision, p. 285 ; 1883, ¢ Blake’ Echin. p. 37. Duncan
& Sloden, 1888, Pal. Ind. ser. xiv., Ech. of Kachl §e. p. 57.

Syn. Opechinus, Desor.

Small or moderate-sized tests, subglobular, depressed abac-
tinally. Epistroma moderate.

Apical system prominent, sutures between the plates more or
less grooved; a large periproctal plate and a few small anal
ones *,

Ambulacra with a slightly undulating series of pairs of pores ;
pairs in triplets, the middle pair in a demi-plate, the adoral com-
ponent a large primary, the aboral component a smaller primary ;
two vertical rows of small plain primaries in the interporiferous
area. Interradia with primaries resembling those of the ambu-
lacra but larger; some secondaries. Transverse sutures of

# This refers to 7\ maculatus, A. Ag., the recent species.
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coronal plates variously and more or less deeply furrowed;
grooves at the angles.

Peristome moderate, with branchial incisions ; processes of
perignathic girdle slender and closed above. Teeth keeled.
Spines short and slender. (Ocecasionally a true pit, but not under-
mining the test, is seen at a sutural angle, and a crenulate tubercle
is very ravely visible.)

HFossil. Miocene: - W. Sind, Kach, Kattywar. Pliocene : Eng-
land. Mekran Series: Persian Gulf.

Recent. Caribbean Sea, Florida; Azores; Josephine Bank. 30
to 600 fathoms. -

It has been shown, Duncan & Sladen, Pal. Ind. ser. xiv., Ech.
Kachh &e. p. 54 et seq., that MM. d’Archiac and Haime were
misinformed regarding the Nummulitic distribution of the
Temnechini of Sind, and that the forms they described in ¢ Les
Animaux foss. de 'Inde’ as Zemnopleuri were Temnechini. The
habitat was clearly on a Miocene horizon.

Genus SALMACTS, Agassiz, 1841, Monogr. & Eich. viv. et - foss., Preface
to Valentin, Anat. du Gen. Ech. p. 8. Desor, 1858, Synopsis,
p.- 108. A. dgassiz, 1872-T4, Revision, p. 471. J. Bell,
1880, Proc. Zool. Soc. p. 422. Duncan, 1888, Journ. Linn.
Soc. vol. xvi. p. 345 ; 1888, dun. & Mag. Nat. Hist. ser. 6,
vol. 1. p. 109. Ramsay, 1885, Cat. Ech. Austr. Mus. p. 47.

Test varying in size and shape, moderate and large, circular
or subpentagonal in tumid ambital region, broader than high,
subconical, globose abactinally, flattish or tumid actinally. Co-
ronal plates numerous, low and broad.

Apical system moderate or small, the basal plates uniform
except that bearing the madreporite, which is the largest, tuber-
culate around the ring, excluding or not some of the radial plates ;
sutures distinet. Periproctal membrane with small plates, some
polygonal and carrying small spinules and small globiform
pedicellarize.

Ambulacra straight ; poriferous zones broad, with small se-
condary tubercles; pairs of pores biserial in close but decided
arcs of triplets, the middle pair of pores being nearest the
ambulacro-interradial suture and in a demi-plate. The plates
compound, broad and low, adoral component a large primary, the
middle a demi-plate, the aboral a small low primary. Primary
tubercles crenulate and imperforate, those of the interporiferous
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zones largest and most numerous actinally, two rows reach the
apex; secondary tubercles and granules exist; scrobicules small,
raised or not.

Interradia much broader than the ambulacra, with numerous
vertical rows of primaries, resembling those of the ambulacra,
diminishing in number and size abactinally and allowing a broad
median space to exist; secondaries and miliarvies exist.

Plates of both areas with their lines of suture narrowly grooved,
with small but well-defined, oblique, deep pits at the angles of
junction of all plates, and along the ambulacro-interradial vertical
sutures. Sutural edges of plates well dowelled.

Peristome small, subdecagonal, branchial incisions small. Bran-
chie moderately large, with a stout base and bunches of finger-
shaped processes. Perignathic girdle with well-developed ridges
and tall processes, expanding above, united, and with a variably
sized foramen. Foramen of the pyramids with a closed arch;
teeth keeled. Peristomial membrane rugose near the teeth, plain
elsewhere ; ten buccal plates with large tentacles and small stalked
pedicellarize.

Tentacles subhomoiopodous, for the abactinal are very wide
and long, feeble in muscular structure, yet the sucker-ring exists
and is small; actinal and ambital tentacles disciferous. Spines
short, delicate, striated, some sharp, others flat-ended.

Fossil. Eocene: Europe. Pliocene, Mekran Series: Persian Gulf.

Recent. Red Sea, Indian Ocean, Persian Gulf, Mergui, Philip-
pines, Japan, Siam, Australian seas, E. coast of Africa.

Subgenus Saraacorsts, Diderlein, 1885 (genus), Archiv fir
Naturg. Wiegm. Berlin, Heft i. p. 98.

Test much broader than high, circular in ambital outline.
Coronal plates high ; tubercles few, small and smooth. Abacti-
nally the plates near the median line are smooth. Pits sharp and
angular, in the medianline. Pores simple. Spines as in Salmacis.

Recent. Sigambai, Japan, 100-150 fathoms.

This is evidently a subgenus of Salmacis.

Genus MEsPILIA, Desor, 1846, Agass. & Desor, Cat. Rais., Ann.
Sei. Nuat. p. 357 ; Synopsis, 1858, p.110. 4. Agassiz, 1872-74,
Revision, p. 477. J. Bell, 1880, Proc. Zool. Soec. p. 434.
Duncan, 1888, Ann. & Mag. Nat. Hist. ser. 6, vol. i. pl. xi.
fig. 5, p. 113.

Test moderate in size, thin, more or less globular or oblately
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spheroidal and depressed, broader than high. Coronal plates
numerous. -

Apical system with a large periproct; the membrane with
numerous plates, which are tuberculate; ring narrow, genital
foramina large ; basal plates broad, pentagonal, the madreporite
distinet and in the largest ; radial plates broad, excluded. Coronal
plates numerous, low and broad.

Ambulacra moderate in width; poriferous zones broad;
~ tubercles very small, placed near the poriferous zones only, ab-
actinally, and closely packed throughout actinally. Median area
broad, bare of primary tubercles, with pedicellarie and granules;
poriferous zones broad, with the pairs of pores in very close
triplets, appearing to be biserial; the inner vertical row of pairs
of pores the most numerous, formed by the adoral and aboral
pairs of a triplet being nearly in vertical series; the middle pairs
of pores are in the outer vertical row, each pair in a demi-plate,
which is placed close to the ambulacro-interradial suture. Plates
compound, low, broad ; the adoral a large primary, the middle a
small demi-plate, and the aboral constituent a smalllow primary.

Interradia broad, with a broad, bare, median space, bounded on
either side by a belt of several close vertical rows of small tubercles
resembling those of the ambulacra ; actinally the tubercles are
close and cover the plates. Sutures of the median series
finely grooved in both areas; pits small, at the median angles.
Dowelling occurs.

Peristome moderate, decagonal ; branchial incisions small but
broad, and with a lip. Perignathic ridges low, processes high,
connected, foramen large. Pyramids of the jaws with a small
foramen arched over ; teeth keeled.

Spines small, short, slender ; pedicellarize very numerous.

Recent. Japan, Philippines, Samoa, Celebes, New Guinea,
Sandwich Tslands.

Genus MricrocyrHUs, dgassiz, 1841, Monogr. & Ech. viv. et JSoss.,
Preface to Valentin, Anat. Gen. Ech.p.8. A. Agassiz, 1872~
74, Revision, p. 466. J. Bell, 1880, Proc. Zool. Soc. p. 422.
Duncan,1888, Aun. § Mag. Nat. Hist. ser. 6, vol. i. p.113,
pl. xi.

Test moderate in size, thick, tumid, prolafely spheroidal, or
depressed, circular or somewhat pentangular in ambital outline,
contracted actinally. Coronal plates few and very high in the
interradia.
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Apical system small ; basal plates broad ; madreporite well de-
fined ; all radial plates small, excluded, ornamented ; periproct
small ; genital foramina deeply cut.

Ambulacra rather broad, sunken or not in the median line
and along the poriferous zone; with numerous rows of small,
equal, plain, low primary tubercles, and small secondary tu-
bereles, all more or less absent along the median line and along the
edges of the plates near their upper and lower transverse sutures,
but crowded on the plates elsewhere. Sutures grooved, and with
pits at the angles, especially in the median lines. Pairs of pores in
triplets, made biserial by the adoral pair being near the tuber-
cular part of the plates, the other pairs forming a vertical row
near the interradial suture. Plates compound, the adoral com-
ponent a large primary, the middle a demi-plate, and the aboral
a low primary plate. Some tubercles in the poriferous zone.

Interradia with few and very high coronal plates, with tubercles
resembling those of the ambulacra, crowding the surface in hori-
zontal rows except near the median and the transverse sutures,
which are more or less bare; the bare spaces and also the masses
of tubercles being triangular in outline. Median line sunken or
not. Sutures slight, yet broadly depressed ; pits at the angles of
sutures minute.

Peristome variable, decagonal or mnearly circular; branchial
incisions small; ten buccal plates. Perignathic ridges well deve-
loped ; processes large, tall, united over a large foramen.

Spines short and slender, shortest and tapering abactinally.

Dowelling of the plates distinct, near the free surface, and in
lines passing into the test. Blocking out of some ambulacral
plates occurs during growth.

Recent. Japan, Bast-Indian Islands, Philippines, Navigators,
Tasmania.

Glenus AMBLYPNEUSTES, Agassiz, 1841, Monogr. Feh. viv. et Joss.,
Valentin, Anat. Gen. Ech., Preface, p. 9. Desor, 1858,
Synopsis, p. 110. A. Agassiz, 1874, Revision, p. 478.
J. Bell, 1880, Proc. Zool. Soc. p. 435, pl. xli. figs. 4-6.
Duncan, 1883, Journ. Linn. Soc. vol. xvi, p, 854 ; and 1888,
Ann. & Mag. Nat. Hist. ser. 6, vol. i. pl. xi. fig. 13, p. 116.

Test thin, moderate in size ; circular or slightly pentagonal in
tumid ambital outline, globular or prolate spheroidal. Coronal
plates numerous.
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Apical system small, slightly projecting ; basal plates united ;
the genital pores at the adoral angle large or small according to
sex ; radial plates excluded, the pore visible from above ; madre-
porite defined, openings circular ; periproct witha crowd of small
plates each with a miliary. Coronal plates numerous, low,
broad.

Ambulacra broad, with rows of very small plain, faintly crenulate
tubercles placed so as to leave a more or less definite median
space, where there are pedicellarize but no primary tubercles.
Poriferous zones wide, with or without miliaries and secondaries ;
pores in oblique triple pairs, close vertically, the innermost pair
isthe adoral of a triplet. Plates numerous, compound ; consisting,
when large, of a large adoral primary plate, a small middle demi-
plate, and a larger aboral demi-plate, which sometimes, especially
abactinally in the test, becomes a primary plate.

Interradia with low broad plates ; tubercles resembling those
of the ambulacra, varying in vertical number and obliquity; a
greater or less bare median space.

Sutures of both areas visible, narrow ; minute shallow pits at
the median angles, and sometimes along the median sutures;
ornamentation plain, or of vertical zigzags of broad lines or of
curved lines crossing the median area. Dowelling abundant.

Peristome variable in size, usually small ; branchial incisions
small. Perignathic ridges low, processes slender, high ; foramen
triangular or broad. Spines slender, short, striated, distant.

Recent. Australian and New Zealand seas, Fiji. (Cape of
Good Hope ?)

Amblypneustes griseus is a very erratic species; and it is evident
that A. Agassiz is correct in relegating 4. pentagonus to a
separate genus.

Genus G-ONIOPNEUSTES, gen. nov.

Test thin, nearly globular, but pentagonal in ecircumferential
outline, the ambulacra projecting beyond the concave interradia.
Coronal plates high and few.

Apical system delicate, with the madreporite in a large basal
plate; other basals pointed, narrow, pentagonal ; some radial plates
enter the ring.

Ambulacra with two vertical rows of plain primary tubercles,
with raised scrobicules; median spaces more or less bare; pori-
ferous zones narrow ; pairs of pores in triplets.

LINN. JOURN.—Z0OLOGY, VOL. XXIIL 8
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Interradia with tubercles resembling those of the ambulacra.

Peristome small. Spines of primary tubercles of great size.

Recent. Mauritius.

The above diagnosis is abstracted from the description of the
solitary specimen of Amblypneustes pentagonus, A. Agassiz
(Revision, p. 482).

Genus HornoPNEUSTES, Agassiz, 1841, Lich. viv. et foss., Valentin,
Anat. Gen. Ech., Preface, p. 9. A. Agassiz, 1872-74, Revi-
sion, p. 488.  Bell, 1880, Proc. Zool. Soc. p. 439. Duncan,
1888, Adnn. & Mag. Nat. Hist. ser. 6, vol. 1. pl. xi. figs. 14-16,
p. 117.

Test moderately stout or thin, globular or prolately spheroidal,
or subconical above the tumid circular ambitus. Interradial
coronal plates numerous ; ambulacral plates very numerous.

Apieal system projecting, stout ; basal plates broad, subequal ;
radial plates excluded, the pore visible from above.

Ambulacra broader than the interradia; and the poriferous
zone usually broader than the interporiferous area, slightly de-
pressed, with secondary tubercles and granules ; pairs of pores
close vertically, irregularly distant horizontally, triserial or poly-
serial ; aninnerand an outer regular vertical series of pairs, and a
confused middle series. The middle series of pairs of pores are in
the aboral components of as many compound plates ; the pairs of
the outer vertical row are those of middle component plates, and
the inner series of pairs are placed in adoral primary compo-
nents which are often excluded from the ambulacro-interradial
suture.

Tubercles of the interporiferous areas small, plain, variable in
number, more or less median space exposed. Interradia with
transverse rows of primaries and secondary plain tubercles ; median
area variable.

Sutures sunken, linear; pits at the angles small, but distinet,
shallow ; plates dowelled.

Peristome small, pentagonal, with small but distinet branchial
incisions. Spines short, striated, may be swollen at the free
end.

Recent. Australian seas.

The next genus links the Temnopleuride and the Echinide,
but it is placed as incerte sedis.



GENERA AND GROUPS OF THE ECHINOIDEA, 115

Genus GravMecHINUS, Duncan & Sladen, 1885, Pal. Ind. ser. xiv.,
Monogr. Tert. Hehin. Kackh & Kattywar, p. 82, pl. xiil.
figs. 7, 8.

Test moderately large, thin, rather depressed, swollen at the
circular ambitus, conical above, flat and incurved actinally.

Apical system ?

Ambulacra with pairs of pores in triplets, from apex to peri-
stome ; plates low, narrow, composed as in the Echinid®; tuber-
cles small, the vertical series nearest the pores the largest, in one
or three rows, plain. Interradial plates long and low, not twice
the height of an ambulacrai plate, carrying from one to eight
primaries, in vertical rows, the middle row the largest, all slightly
larger than those of the ambulacra, imperforate and non-crenulate;
secondary tubereles in lines above and below the primaries and
close to the horizontal sutures, forming ridges, with the line of
the suture depressed between those of consecutive plates. Ver-
tical narrow ridges extending dorsally and actinally from each of
the large middle vertical series of tubercles to the transverse
edges of their plates.

Peristome large, rather pentagonal ; ambulacral margins only
moderately wide and plain; branchial incisions distinet, with a
raised border.

Fossil. Miocene : Asia (Kattywar).

IV.

The Family Echinometride and its Subfamilies and Gtenera.
The Family Echinidwe and its Genera.

VIII. Family ECHEINOMETRIDE, Gray, 1855, amended by
A. Agassiz, 1872, Revision, p. 423.

Regular ectobranchiate gnathostomes, with heteropodous or
sub-heteropodous tentacles ; test with the long axis not coinciding
with the antero-posterior, and the compound ambulacral plates
with three or more pairs of pores; or the test symmetrical and
polyporous. Pyramids of jaws with epiphyses ; teeth keeled.

Subfamily Eehinometrine (p. 116).
Large tests, the long axis transverse to or forming small angles
with the antero-posterior. Ambulacral plates with from three to

nine components, each with a pair of pores.
g%
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Genus Heterocentrotus.
Colobocenirotus.
Echinometra.
Stomopneustes.
Parasalenia.

Subfamily Polyporine (p. 121),

Echinometride with symmetrical tests and having numerous
pairs of pores.
Genus Strongylocentrotus.
Spherechinus.
Echinostrephus.
Pseudoboletia.
Eurypneustes.
Zolopneustes.

Subfamily Hehinometrine.

Genus HErErOCENTROTUS, Brandt (subgenus), 1834-35, Prodr.
Desc. Anim. p. 265; Rec. d. Actes de U Acad. St. Pétersb.
(Additions), 1884-85. A. Agassiz, 1878, Revision, p. 427.
Lovén, 1874, Etudes, p. 26. J. Bell, 1881, Proc. Zool. Soc.
P-420. De Loriol, 1883, TFich. de ¥ 1le Maurice, p- 85. Lovén,
1887, Ech. descr. by Linneus, p. 150.

Syn. Cidaris (pars), Klein ; Helhinus (pars), Linneus; Aero-
cladia, A. Agassiz, 1846.

Test large, thick, clliptical in marginal outline, subhemisphe-
rical above, convex actinally, and concave from side to side
there; elongate transversely, the antero-posterior axis being
shorter than the transverse, which passes through ambulacra II.
and IV,

Apical system raised ; periproct small, slightly elliptical ; the
right anterior basal plate with a large madreporite ; all basals
tuberculate ; radial plates excluded, tumid, perforated near the
adoral edge; periproctal plates stout, spined; anal plates small.
The genital pores are sometimes in the interradia.

Ambulacra broad, straight, wide at the peristome; interpori-
ferous area narrow at the peristome, broad at the ambitus, and
diminishing greatly in breadth abactinally ; large plain tubercles
_actinally and at the ambitus, replaced abactinally by irregularly
placed rows of secondary tubercles. Poriferous zone wide acti-
nally, nearly touching at the median line abactinally, more or less
broken up by tubercles. Plates compound, high, with as many
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as nine components each perforated by a pair of pores; the aboral
plate a small primary, the adoral a large primary, all the others
demi-plates ; pairs of pores polyserial actinally.

Interradia with few coronal plates, very narrow actinally, each
plate with a large plain tubercle resembling the ambulacral,
diminishing in size from the ambitus; secondary tubercles
abundant.

Peristome large ; branchial incisions broad ; perignathic girdle
well developed. Jaws with a tall narrow foramen ; teeth keeled.
Buccal plates large, spined, and with pedicellarize. Spines very
large, stout, long, flat, oar-shaped, or triangular in transverse
section ; secondary spines short, either forming a pavement around
the primaries with their inflated ends, or sharp and pointed in
the same pogition.

Recent. Red Sea to Sandwich Islands, Fiji, Mauritius, Java,
New Caledonia, Australia. Of late years one species, H. mamil-
latus, has made its way from the Red Sea, vid the Suez Canal,
into the Mediterranean.

Genus ConLoBOCENTROTUS, Brandt (subgenus), 1834, Prodr. Desc.
Anim. p.266; Ree. d. UActes de U Acad. St. Pétersh. (Ad-
ditions), 1884~85. A. Agassiz, 1872-74, Revision, p. 423.
Lovén, E‘tudes, 1874, p. 26; 1887, Hoh. descr. by Linneus,
p. 168,  J. Bell, 1881, Proc. Zool. Soc. p. 421.

Syn. Echinus (pars), Linnwus ; Cidaris (pars), Leske; Hchi-
nometra, Gray, 1825 ; Podophora, Agass.

Test thick, moderate in size, elliptical or subeircular in rather
tumid marginal outline, subconical, tumid, or depressed hemi-
spherical abactinally ; more or less concave, with a comparatively
flat surface actinally ; elongate transversely ; the antero-posterior
axis is shorter than the transverse, which passes through amb. IL.
and IV.

Apical system central ; periproct small, with small plates ; basal
plates large, with primary and secondary tubercles upon them ;
radial plates excluded, small, with a tubercle, and the pore large
and adoral.

Ambulacra straight, very broad actinally ; plates high, com-
posed of a small aboral primary, a large adoral primary, and from
three to many intermediate small demi-plates ; poriferous zones
wide, and containing arcs of many pairs of pores separated and



118 PROF. P. M. DUNCAN’S REVISION OF THE

confused by the presence of tubercles ; polyserial at the actinal
surface, and forming broad areas there. Primary tubercles
as elsewhere, plain, in vertical rows, smallest in the poriferous
zone and largest at the margin, becoming minute and close
actinally. Tentacles heteropodous.

Interradia broad, but very narrow actinally, with several ver-
tical rows of primary tubercles, largest at the margin, and very
small and close actinally.

Peristome polygonal, broad anteriorly, with decided branchial
incisions. Perignathic girdle well developed ; ridges long and
low ; processes tall, slender, with a top piece, foramen large.
Jaws large, with a very long foramen ; teeth keeled. Peristo-
mial membrane plain, but with ten small, spined buccal plates.
Spines abactinally forming a pavement-like surface, short, hexa-
gonal or globose at the end, some larger, longer, flat-ended, and
projecting slightly at the ambitus; actinally short, and either
stout or slender, cylindrical and pointed. Intermediate cylin-
drical and small spines may or may not exist between the abactinal
series.

Recent. Zanzibar, Java, Sandwich Islands, Australia.

Genus EcuiNoMETRA, Rondelet, 1554, De Pise. Marin. p. 578.
Liitken, 1863, Vidensk. Med. f. Nat. For. ¢ Kjobenh., pub.
1864, p. 86. 4. Agassiz, 1872-74, Revision, pp. 282, 431.
Lovén, 1872, _E'tucles, p. 26; 1887, Hoh. descr. by Linnaeus,
p. 153.

Syn. Echinus (pars), Linneeus, 1758; Cidaris (pars), Leske,
1778 ; Heliocidaris (pars), Agass., 1847.

Test moderate in size, stout, elongate elliptical in marginal out-
line, tumid dorsally ; tumid between the margin and the large
peristome, the whole actinal surface concave ; unsymmetrical ; the
longer axis, which passes through amb. I. and interradium 8,
does not coincide with the antero-posterior or transverse diameter
of the test and is oblique.

Apical system central; basal plates tuberculate, the madre-
porite in the right anterior plate; radial plates small; periproct
elliptical, its plates small, numerous. Coronal plates numerous.

Ambulacra straight ; poriferous zones moderately broad,
the 5 to 9 pairs of pores being in bold arcs; plates high, and
composed of a large adoral and small aboral primary and all
the others intermediate demi-plates. Tentacles heteropodous.
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Tubercles plain, and smaller and less numerous than those of
the interradia. »

Interradia broad at the ambitus, narrow at the peristome, with
several vertical rows of large plain primary tubercles.

Peristome large, pentagonal ; branchial incisions broad. Peri-
gnathic girdle well developed; processes tall, with a large arch.
Jaw-pyramids stout, with a large tall foramen and epiphyses;
teeth keeled. Actinal membrane with spine-bearing buceal
plates. Spines of primary tubercles moderately long, stout,
faintly longitudinally striated, semi-solid, becoming suddenly
slender and sharp, with a milled ring.

Recent. Pacific coast of Central America north to California
and south to Peru; Zanzibar, Red Sea, Mauritius, Seychelles,
Japan, Philippines, Sandwich Islands, Fiji, Senegal coast, Cape
Verd, Bermudas, Caribbean Sea, Gulf of Mexico.

Genus StoyoPNEUSTES, Agassiz, 1841, Monogr. Eoh. viv. et JSoss.
live. 1, Pref. p. x. A. Agassiz, 1873, Revision, p. 436.
Martin, 1880, Rev. Foss. Lck. Java (Notes Leyd. Mus.).
Stewart, 1880, Journ. Roy. Micr. Soc. vol. iii. p. 911.
J. Bell, 1881, Proc. Zool. Soc. p.445. De Loriol, 1883, Ech.
deV1le Maurice, p. 32.

Syn. Heliocidaris, Desm. 1846.

Test moderate in size to very large, stout, circular or elliptieal
in the tumid marginal outline, swollen dorsally, but depressed ;
actinal surface flat. The antero-posterior axis of the test is
oblique and forms a greater or less angle with the long diameter.

Apical system with a large madreporite; basal plates form-
ing a narrow ring, with a secondary tubercle on each plate.
Periproct large, with numerous plates with small tubercles.

Ambulacra straight, broad at the ambitus and at the peristome ;
poriferous zones narrow abactinally and wide activally ; the pores
in arcs of three pairs dorsally, and crowded and triserial below
the ambitus, and interfered with mearly throughout by small
secondary tubercles or granules. Interporiferousareas with two
vertical rows of large, imperforate, plain, primary tubercles, and
several rows of secondary tubercles and miliaries, some entering
the poriferous zones, diminishing at the peristome, where the
areas are narrow. Spicules of the tentacles very large.
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Interradia with a linear groove in the median line, broad above
the ambitus, narrow at the peristome, with two principal vertical
rows of primary tubercles resembling those of the ambulacra in
structure, but larger, diminishing, however, in size actinally and
dorsally. There are also two rows of smaller primaries, smallest
actinally, which reach some distance above the ambitus, with
small secondary tubercles and granules irregularly distributed.

Peristome small, pentagonal, with moderately large branchial
incisions.

Spines various, but moderate in length, stout, tapering, sharp,
solid, finely striated longitudinally; a prominent milled ring.
Ophiocephalous pedicellariee abundant, large, their jaw-processes
much dentate ; gemmiform pedicellariee probably absent ; tridac-
tyle pedicellariee abundant.

Fossil. Tertiary: Java?

Recent. Mauritius, Java, Samoa.

Genus Parasavnewta, 4. Agassiz, 1868, Bull. Mus. Comp. Zodl.
vol. i, p. 22 ; 1878, Revision, p. 435. Stewart, 1880, Journ.
Royal Micr. Soc. vol. iii. p. 910,

Test moderate in size, stout, elliptical, tumid, unsymmetrical,
the long axis passes through ambulacrum I. and interradium 3,
and is oblique to the antero-posterior axis.

Apical system large, prominent. Basal plates large. Periproct
small, with four triangular plates ; anus at their inner points.

Ambulacra with two vertical rows of plain primary tubercles,
not reaching the apical system ; pairs of pores in arcs of three
pairs.

Interradia with a small number of coronal plates, carrying two
vertical rows of plain primary tubercles resembling those of the
ambulacra.

Peristome large; branchial incisions slightly raised; buccal
plates with spinules. Jaws with a high foramen; teeth keeled.
Spines stout, cylindrical, pointed, moderately long.

Pedicellariz few, the gemmiform without a secondary solid
fang. Tridactyle pedicellariee delicate.

Recent. Zanzibar, Kingsmill Islands, Bonin Islands.
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Subfamily Polyporine (p. 116).

Genus STRONGYLOCENTROTUS, Brandt, 1834, Prodr. Descr. Anim.,
Rec. des Actes de U Acad. St. Pétersb. (Additions), p. 265.
Lovén, Etudes, 1874, p- 21 (as Toxopneustes). 4. Agassiz,
187273, Revision, pp. 276 & 438.

Syn. Loxechinus, Desor, 1858 ; Towopneustes, Agass., 1841

(pars) ; Heterocidaris, Desm., 1846 (pars) ; Towocidaris, A. A gass.,

1863 ; Anthocidaris, Liitk., 1864 ; Eurechinus, Verr., 1866.

Test moderate and large in size, broader than high, cireular or
subpentagonai in tumid ambital outline, swollen, subconical,
depressed dovsally, slightly tumid around the actinostome. Co-
ronal plates numerous.

Apical system large ; madreporite large, in the usual basal plate,
which is the largest ; other basal plates unequal in size, all with
some small secondary tubercles; radial plates broad adorally,
some entering the periproctal ring. Periproct subcircular, with
numerous crowded, minutely tuberculate plates.

Ambulacra straight, broad at the ambitus and peristome ;
poriferous zones broad ; pairs of pores in oblique ares, or almost
in transverse, slightly bent series of from four to eight or ten
pairs, polyserial and crowded actinally. Plates high, compound ;
the adoral component a large primary plate with its pair of pores
the remotest from the interradinm; the aboral plate a small
primary with an oblique adoral suture, its pair of pores not
quite so remote from the interradium as the adoral pair; other
plates demi-plates, with their pairs of pores gradually dimi-
nishing in distance from the interradium, from above actinally.
Interporiferous area with two vertical rows of imperforate plain
non-scrobiculate primary tubercles, wide apart at the ambitus,
narrowed and close and small actinally ; vertical rows of secon-
daries and miliaries between and at the sides, some intruding
upon the poriferous zones and separating the arcs more or
less.

Interradia with high ambital and low actinal plates; two
vertical rows of primary tubercles similar in structure to, but
larger than, those of the ambulacra, and four or more vertical
rows of secondary tubercles ; granules somewhat regularly placed ;
areas much narrower actinally than those of the ambulacra.
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Peristome small, sunken, polygonal ; branchial incisions well
developed, with everted edges.

Perignathic girdle with high ridges and high oblique pro-
cesses forming a tall arch. Jaws tall; foramen large, tall, closed
above ; teeth keeled. ~Buccal membrane with ten plates with
tentacles and pedicellariee. ~Spines short, sharp, eylindrical, taper-
ing, longitudinally striated.

Fossil. Late Tertiary and (?) Miocene : Europe and America,
Java.

Recent. European seas, world-wide; shallow, to 45 fathoms
or more.

Genus SPEERECHINTS, Desor, 1858, Synopsis, p. 184. A. Agassiz,
1878, Revision, p. 451. Hamann, 1886, Sonder-Abdr. aus d.
Siteungsb. d. Jenaisch. Ges. fir Med. und Naturw.

Test moderate or large, globular, spheroidal, or depressed,
flat actinally. Coronal plates numerous, low and broad.

Apieal system prominent ; periproct large, plated ; basal plates
forming with all or some of the radial plates a rather narrow
ring, carrying secondary tubercles and miliaries, those on the
plate with the madreporite most numerous.

Ambulacra straight, wide; pairs of pores in arecs or oblique
lines of from four to eight pairs, with small tubercles or gra-
nules interposing or separating the series ; pairs polyserial acti-
nally ; interporiferous areas with two to six vertical rows of plain
imperforate primary tubercles, slightly smaller than or equal to
those of the interradia.

Interradia broad, with from two to twelve vertical rows of
primaries plain and imperforate, large, with horizontal rows of
secondary tubercles and miliaries.

Peristome small, decagonal, with deep, long branchial incisions ;
buceal membrane with plates, in relation with the ambulacra, and
carrying pedicellarize and large tentacles. Perignathic girdle
slender, with low stout ridges and slender processes and a large
arch. Spines stout, short, crowded. ¢ Globifera” pedicellariee
present and large.

Fossil. Pliocene : Europe.

Recent. Mediterranean, Canaries, Australia, Mauritius, New
Zealand, Japan, and the China seas.
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Genus Ecnivostrernvus, 4. Agassiz, 1863, Bull. Mus. Comp.
Zo6l. vol. 1. p. 20 ; 1878, Revision, p. 457. Stewart, 1880,
Journ. Roy. M'wr Soc. vol. iil. p. 909. De Loriol, 1883
Fch. de U Tle Maurice, p. 81. '

Test moderate in size, circular or pentagonal in tumid ambital
outline, turban-shaped, but depressed above and widest there,
flat below. Plates rather numerous, high actinally, low and
broad dorsally.

Apical system circular, large; the ring narrow; basal plates
equal and large ; the radial plates small and wedged in between
the basals, but excluded; periproct polygonal, and with large
and smali plates.

Ambulacra with rather broad poriferous zones; pores in ares
of three or four pairs; interporiferous area with two rows of
vertically placed, imperforate and plain, primary tubercles flanked
by a vertical row of smaller tubercles placed near the pori-
ferous zone ; median area with secondary tubercles and miliaries,
arranged more or less around the primary tubercles.

Interradia broad, with six to ten vertical rows of uniform,
imperforate, plain primary tubercles resembling those of the am-
bulacra, diminishing in size and number away from the ambitus;
miliaries and secondary tubercles scattered actinally, arranged
around the primaries dorsally.

Peristome circular, with small branchial incisions ; buecal mem-
brane with plates in continuation with the ambulacra, carrying
pedicellariee and tentacles ; the rest bare.

Perignathic girdle with low ridges and well-developed pro-
cesses.

Spines moderate, tapering, cylindrical, stout, sharp, longest
dorsally.

Recent. Pacific Ocean, Society Islands, Zanzibar, Natal.

Genus PseupoBoLeriaA, Troschel, 1869, Verhandl. d. Naturhist.
Ver. preuss. Rheinl. u. Westfalens, ser 3, vol. vi. p. 96, pl. 26.
A. Agassiz, 1878, Revision, p. 454. J. Bell, 1881, Proc. Zool.
Soc.p.488. De Loriol, 1883, Ech. de Ulle Maurice, p. 28.
Test moderate and large, circular in tumid ambital outline,
much broader than high, subconical, depressed dorsally, and flat
actinally. Coronal plates numerous, low and broad.
Apical system small, with the basal plates unequal in size,
madreporite in the largest; two postero-lateral radial plates
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separate basals “and enter the ring. Periproct small; plates
uniform in size except close to the anus, where they are small,
tuberculated.

Ambulacra straight, broad, with four to six rows of primary
tubercles, plain and imperforate, with circles of granules around
them, scarcely smaller than those of the interradia, all but the
external series disappearing towards the apex; poriferous zones
broad, with small tubercles between the pairs. Pairs of pores in
ares of four pairs or triserial ; the inner row consists of adoral
pairs in the adoral primary plates of the compound plates;
the outer vertical row consists of series of two pairs closely
superimposed, and separated by a tubercle, they are in middle
demi-plates ; the middle vertical row has its pairs separated by
a tubercle, and they are in the aboral demi-plates.

Interradia with many, from 9-14, vertical rows of primary
tubercles, similar in structure to those of the ambulacra, dimi-
nishing to two vertical rows abactinally; an irregular median
area without tubercles; scrobicular circles large; miliaries
parallel to the horizontal sutures, and vertically between the
tubercles; secondary tubercles scattered irregularly.

Peristome large, flush, decagonal, with broad and deep bran-
chial incisions. The buccal membrane with ten large plates with
spines, pedicellarice, and tentacles, also other spiniferous small
plates. . Spines short, sharp, finely striated.

Recent. Sandwich Islands, Philippines, Mauritius; shallow
water.

Genus BEvryeNeustES, Duncan & Sladen, 1882, Pal. Ind. ser. xiv.,
Foss. Ech. W. Sind, pt. ii. p. 45.

Test large, subconical, depressed.

Ambulacral areas very broad, only rather narrower than the
interradia. Poriferous zones broad, and the pairs of pores tri-
gerial. Plates very low and numerous, composed of five or six
component plates, very close vertically, the adoral plate a very
low primary, its pair of pores being near the interporiferous
area; the other plates demi-plates, or sometimes the aboral
component is a primary ; the successive pairs have a tendency to
be close to the one immediately above, and then to be distant,
but the inner and outer rows are fairly persistent, and the
middle variable in position. Two vertical rows of small crenu-
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late, imperforate tubercles in each interporiferous area near the
poriferous zones ; small tubercles or granules near them amongst
the pairs of pores.
Interradia with two or more vertical rows of small crenulate
tubercles diminishing in number actinally. Miliaries numerous.
Fossil. Eocene: W. Sind, Asia.

Genus AoropNeustEs, Duncan and Sladen, 1882, Pal. Ind.
ser. xiv., Hoss. Ech. W. Sind, pt. ii. p. 47.

Test large, tumid, subcircular or subpentagonal in outline,
subconical depressed abactinally, flab actinally, with a slightly
depressed peristome. Twice as broad as high.

Apical system wanting. :

Ambulacra broad, more than half of the breadth of the inter-
radia at the ambitus, slightly prominent in contradistinction to the
interradia, which are sunken along their median lines. Poriferous
zone broad dorsally, narrow at the peristome; abactinally the
pores are in almost horizontal ares of five or six pairs, and are
very regularly and closely placed ; below the ambitus the number
of pairs in each arc diminishes, the arcs straighten vertically,
and the series of pairs become less oblique and almost uni-
serial, and are quite close to the peristome. The ambulacral
plates are mearly as high as the corresponding interradial
plates and are compound; the composition of a plate halfway
between the peristome and the ambitus is a low broad adoral
primary plate, followed aborally by a large primary which
is low mear the ambulacro-interradial suture and expanded
elsewhere, and comprises all the median sutural edge of the
compound plate except that adoral portion which belongs to
the small adoral primary component; above the large primary
is a small demi-plate, and the aboral plate of the combina-
tion is also a demi-plate, but is larger than the other, and has its
adoral suture convex towards the primary tubercle of the com-
pound plate. In some compound plates the low adoral primary
isreplaced by a small low demi-plate, with its aboral suture convex
towards the primary tubercle; and in these instances the compo-
sition of the plate is mainly that of Diadema. Close to the
peristome the adoral and aboral plates are low primaries. The
pairs of pores are close and round. Interporiferous areas with a
vertical row of small crenulate primary tubercles raised above the
test and large and small granules.
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The interradia have numerous low broad plates, somewhat wavy
in sutural outline, depressed near the median line; two vertical
rows of primary tubercles resembling those of the ambulacra,
but slightly larger, and two other rows of smaller tubercles which
diminish in number remote from the ambitus; numerous distant
large granules.

Peristome small, sunken ; branchial incisions with rounded edges
and rather large.

Fossil. Eocene: W. Sind, Asia.

IX. Family EceIiNIDA.

Regular ectobranchiate gnathostomes, having tests with equal
diameters, and with homoiopodous tentacles. Awmbulacral plates
compound, with three pairs of pores, which are arranged in high
or low arcs of triplets. Coronal plates without pits and grooves,
and their opposed surfaces plain. Jaws with epiphyses teeth
keeled.

Genus Echinus.
Subgenus Psammechinus.
Genus Stirechinus.
Glyptechinus.
Leiopedina.
Hypechinus.
Toxopneustes.
Boletia.
Genus Tripneustes.
Subgenus Evechinus.

Incerte sedis : Prionechinus.

Genus Ecrinus, Rondelet, De Pise. Marin. 1554. Lister, 1678,
Anim. Ang. p. 169, pl. 8. fig. 18.  Linneus, 1752-64, Mus.
Lud.-Ulr. (pars). Agassiz, 1841, Monogr. & Ech. viv. et foss.,
Pref. to Valentin, Anat. Gen. Echin. p. 2. Desor, 1858,
Synopsis, p. 128. A. Agassiz, 18724, Revision, pp. 293 & 489.
Lovén, 1887, Ech. descr. by Linn. pp. 49 & 61.

Test varying in size, small, moderate, to very large, tumid at
the circular or subpentagonal ambitus, subhemispherical, sub-
conical, or tumid dorsally, flat or slightly tumid actinally, tall and
short.
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Apical system either compact, or some radial plates separating
some basal plates ; madreporite in the largest basal. The oval
or eivcular periproct with numerous plates, smallest near the
anus.

Ambulacra narrow to moderately wide, straight ; poriferous
zones narrow, pairs in more or less vertical ares of triplets, the
innermost pair the adoral of the three, and in a primary consti-
tuent; the other pairs in demi-plates, or the upper member may
be a low primary. Interporiferousareas with two rows of small,
plain, primary tubercles, placed vertically, with or without irre-
gularly placed secondary tubercles and primaries.

Interradia with two vertical rows of tubercles resembling
those of the ambulacra, or slightly larger, with few or numerous
rows of secondary tubercles and miliaries, or a considerable
number of small tubercles diminishing in number abactinally ;
tubercles most numerous below the ambitus.

Peristome rather small, ncarly circular; branchial incisions
not large ; perignathic girdle well developed, processes tall and
arched. Jaws high; foramen of the pyramid high and arched
by epiphyses; teeth keeled. Buceal membrane with ten buceal
plates with tentacles and small spines ; some may have numerous
buccal plates with a corrugated aspect. Tentacles homoiopodous,
disci'erous. Spines either very short relatively or moderately
long, striated, sharp, more or less swollen at the base.

Fossil. Cretaceous to Pliocene and Post-Pliocene: Europe.
Pliocene : England. Tertiary: Asia.

Recent. World-wide, littoral to 2435 fathoms.

The genus Psammechinus, Agass., 1846, Catal. Rais., Ann. d.
Sci. Nat. vol. vi.,, and Desor, 1858, Synopsis, p. 118, really differs
from the typical Echini in having the buccal membrane with
concentric plates besides the ten buccal plates; but paleonto-
logists have usually termed those species of Eehinus which have
numerous subequal tubercles Psammechinus. The size of the
branchial incisions does not afford a generic distinction. Desor
was not warranted in comparing the buccal aud other plates
with those of Cidaris. It is certain that some Echini with few
tubercles, as well as others with many, have the peristomial
membrane with numerous plates; and thus the distinction
relied upon fails. At the most Psammechinus is a subgenus of
Echinus ; and the sole structural character refers to the peri-
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stomial membrane with its numerous plates. Practically the sub-
genus is of no great value *.

Grenus STIRECHINUS, Desor, 1858, Synopsis, p. 131.

Test tall, circular at the tumid ambitus, subconical dorsally, flat
actinally.

Apical system ?

Ambulacra moderately broad, with high compound plates ; the
pairs of pores in arcs of triplets, the adoral plate of the com-
pound a large primary, the median plate a demi-plate, and the
aboral a low oblique primary plate. Two vertical rows of imper-
forate, plain, primary tubercles, large, and each situated upon a
rising of the plate, so as to give a keeled appearance to the ambu-
lacrum beneath the bases of the tubercles.

Interradia with two vertical rows of tubercles resembling those
of the ambulacra, and situated on raised keel-like projections.
Sutures distinet. Variable rows of secondary tubercles and
miliaries.

Fossil. Pliocene : Europe.

Genus GLYPTECHINUS, De Loriol, 1873, Ech. Orét. de la Suisse,
Pal. Suisse, les Oursins, pt. ii. p. 169, pl. xi.

Test small, circular in outline, tall, subconical or subhemisphe-
rical dorsally, flat actinally.

Apical system wanting.

Ambulacra straight, moderately broad ; the poriferous zones
with the pairs of pores in arcs or triple oblique series ; the plates
compound, as in Fehinus ; the interporiferous areas with two
vertical rows of plain tubercles, placed near the poriferous zones;
some secondaries at the ambitus, and granular throughout.

Interradia depressed along the median sutures, with two ver-
tical rows of plain tubercles resembling those of the ambulacra ;
each row is on a raised vertical keel, situated in the middle of the
plates; several rows of secondary tubercles. The transverse
sutures of the interradial coronal plates, which are moderately
numerous, grooved decidedly.

Hossil. Cretaceous: Europe.

The alliance of this genus is with the Tertiary Stirechinus.

* On p. 91 it was noticed that Micropsis Vidali, Cott., was a Psaminechinus
with crenulate and perforate primary tubercles. This carries the subgenus back
in time considerably,
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Genus Lerorepina, Coftean, 1866, Rev. et Mag. de Zool. sér. 2,
vol. xviil. p. 206. (Admended.)

Syn. Chrysomelon, Laube, 1869, Ech. Vincent. Tert., Denks. d.
k. Akad. Wiss. Wien, 2 Abth. p. 13.

Test large, swollen, prolate spheroidal or globular, subconical
dorsally, broadest bemeath the equator, and subpentagonal or
circular in marginal outline.

Apical system central, small, flush.

Ambulacra long, straight, very broad; poriferous zones broad,
with vertically close, triserial pairs of pores almost horizontal ;
usually the pair nearest the interporiferous area the largest, the
pores of it being elongate, those of the other pairs circular.
Plates very numerous, low, broad, compound, composed of a large
adoral primary plate, a median demi-plate, and a very low aboral
primary plate. The adoral and aboral pairs of pores of a triplet
remote from the interradium ; the median pair in the demi-plate,
close to it. Tubercles of the interporiferous areas small, distant,
finely perforate, plain, subscrobiculate, in two, distant, vertical
rows. Granules between the tubercles homogeneous.

Interradia broad, with two vertical rows of tubercles similar to
those of the ambulacra, with intermediate granules, some of which
may have mamelons near the apical system.

Peristome small, subecircular, flush ; amount of branchial incision
variable.

Fossil. Eocene: Europe.

Genus Hyeecuinus, Desor, 1858, Synopsis, p. 180, pl. xviii.

Test moderate in size, tumid at the circular ambitus, nearly
hemispherical dorsally, but slightly depressed.

Ambulacera with wide poriferous zones ; pairs of pores in oblique
triple series; plates low, compound; the median pair of pores
being in a demi-plate, and placed nearer the interradial suture
than the other pairs; the adoral pair very remote from the
interradial suture and in a primary plate. Interporiferous
areas with two vertical rows of small, numerous, plain primary
tubercles, which are much larger actinally than above the
ambitus.

Interradia with numerous coronal plates ; the primary tubercles
imperforate and plain, in two distant vertical rows; the tubercles
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are larger than those of the ambulacra, and all are largest
actinally.
Fossil. Middle or Upper Tertiary : Patagonia, S. America.

The genus Toxopneustes, Agassiz, 1841, is unsatisfactory ; and
in order to clear away some differences of opinion regarding
its value, it is mecessary to revert to the diagnosis given in
the Preface to livr. 4 of ‘ Monogr. d’Ech. viv. et foss.” p. ix:—
«Le genre Towopneustes a des ambulacres formés de séries
arquées de doubles pores, convergeant vers le milieu des aires et
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